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SUMMARY

Three fully chlorinated heterocyclic compounds, nonachloroacridine,
nonachlorOphenanthridine and nonachioro-?,8-benzoquinoiine, have been
synthesised by direct chlorination of the appropriate ring syétems. It has
been shown that halogen exchange by alkali metal flgorides, in a solvent or
in the solid phaée, fails with these compounds containing'three fused‘rings.

Nonachloroacridine and nonachlorophenanthfidine underwent nucleophilic
monosubstitution in the 9~ and 6-positions respectively, but with larger
nucleophiles that were better electron donors, nqn»specific reductive
dechlorination occurred instead, Acid induced hydrolysis has been shown to
occur in the 9- and 6—positions, and>has shown.that nonéchloroacridine is
more basic than nonachlorophenanthridine.

Nuéleophilic substitution of heptachloroquincline and heptachloroiso-
quinoline has also been investigated. It has been shown that heptachloro-
quinoline undergoes substitution in the 2-position, and much less readily in
the 4-position, probably because of steric effects. Heptachloroisoquinoline
would only undergo monosubsfitution, in the 1l-position. The possibility
of using carbon-13 n.m.r. to assfgn the position of the substituent was
in§estigated but, despite some success, difficulties of aséignment limit the
value of the technique a# present, >In attempts to make model coﬁpounds for
carbon-13 n;m.r. work, it was found that oc£achloronéphthalehe was quite
resistant to nucleophilic aftack, 5u£ underwent redﬁctive dechlorination
quite extensively,.

Perfluofo—S,G,7,8-tetrahydroqhinoline has been p?epared from 5,6,7,8~
tetrachloroheptafluoroquinoline by halogen exchange in a solvent,-and 5,6,7,8-
tetrathcroheptafluoroisoquinoline has been prepaiced and similarly converted

to perfluéro-s,6,7,8-tetrahydroisoquinoline. These resuits confirmed



mechanisms proposed earlier for the formation of the partially saturated
fluorinated compounds during autoclave fluorinations of heptachloroquinoline
and heptachloreisoquinoline,. Polyfluoroalkylafion was effected on
perfluoro-5,6,7,8-tétrahydrqquincline in the 2- and A4-positions. A range
of nucleophiles has been shown to substitute perfluoro-5,6,7,8-fetrahydro-

isoquinoline in the 3~ and then in the 1-positions.



CONTENTS

INTRODUCTION

CHAPTER 1 - The Synthesis and Properties of Perchlorinated Aromatic

Heterocyclic Compounds Containing Nitrogen.

1. General Introduction ) *

2. Preparation of Perchloroheterocaromatic Compounds Containing

Nitrogen
2.1 Methbds Involving Direcf_Chlq?ination.of:the Heterocyclié System
A, Elemental Chlorination in the Liquid 6r.Vapour Phase
B; Elemental Chlofination with Lewis Acid Catalysts
C. Chlorinatio; by:Compounds of Chlorine with Groutp V Elements
D, Chlorination by Otheerhlorinafing Réagents
2,2 Methods Involving C&clisa£ion -
A, Reaéfion where Chldrinating Agents Causé_CYclisation
B. Reactions of Tetrachloro-orthophenylene Derivatives and
Similar Cbmpounds: |
c. Reactions Involving Nittiles
D. Reactions Involving Other Multiple Carbon to Nitrogen Bonds
E._ Pyrélysis and Photolysis Reactions

F. Miscellaneous Reactions

3. Reactions of Perchloroheteroaromatic Compounds Containing Nitrogen

3.1 Conversion to Corresponding Perfluoroheteroaromatic Compounds
3.2 Nuéleophilic Substitution Reaétions
A, Chlorinated Carbocyclic Aromatic Compounds
(i) Chlorobenzcnes-

(ii) Chloronaphthalenes

Page

15

20

21

22

24

26

27

3L



3.4
3.5
3.6

B. Chlorinated Heterocyclic Aromatic Compounds
(i) Chloropyridines

(ii) Chlorodiazines

" C, Theoretical Aspects

(i) General Points
(ii) Reactivity of Chlorinated Compounds -
(iii) Effect of Ring Nitrogén |
(iv) Effect of Substituents
Basicities

Reactions with Organometallic Compounds

Perchlorinated N-Oxidés

Pyrolysis and Photolysis Reactions

DISCUSSION

CHAPTER II -~ Syntheses of Some Perchloroheterocyclic Compounds

2‘

Containing Nitrogen'

Introduction .

Ring Systems, Numbering and Nomenclature

Early Work on Preparation of Halogenated Derivatives
A, Acridines
B. Phenanthridines

C. 7,8-Benzoquinolines

Preﬁaration of Starting Materials

é-Chloroacridine

A, Preparation of 9-Chloroacridine from 9-Acridanone

B. "Preparation of 9-Chloroacridine from Diphenylamine-2-

carboxylic Acid

C. Preparation of Diphenylamine-2-carboxylic Acid

Page

34

60

66
66

66

66

67



- 2,2 6-Chlorophenanthridine

A, Preparation of Diphenic Anhydride froﬁ Diphenic Acid
B. Preparatién of Diphenamic Acid from Diphenic Anhydride
C. Preparation of 6-Phenanthridanone from Diphenamic Acid

D. . Preparation of 6-Chlorophenanthridine from 6-Phenanthridanone

3. Chlorination Reactions

3.1 Chlorinétion of 9-Chloroacridine
3.2 Chlorination of 6-Chlorophenaﬁfhridine
3.3 Chlorination of 7,8-Benzoquinoline
A, Aluminium Chloride Catalysed.Elemental'Chlorination

B. Further Chlorinstion with Phosphorus Pentachloride

CHAPTER TII - Properties of Some Perchlorohelerocyclic Compounds

Containing Nitrogen

1. Fluorination Reactions

1.1 Fluorinétioﬁ of Nonachloroacridine
1.2 Nonachlpropheﬂanthridihe
A, In a Solvépt
B. '1In the Sélid Phase
1.3 Nonachloro;7,8-benzoquinoline

1.4 General Conclusion

2. Hydrolysis Reactions and Basicity

2.1 Nonachloroacridine
A, Hydrolysis
B. Reaction with Hydrogen Chloride Gas

2.2 Hydrolysis of Ncnachlorophenanthridine

Page
67
68
68
68

69

69

70

70

71

73

73

7h
74
75
75

77
78

79



4'2

5.1

\
»
N

Nucleophilic Substitution Reactions

Nonachloroacridine
A, Methoxide Ion
(i) One Equivalent Methoxide Ion
(ii) Two Equivalents Methoxide Ion
B. Diethylamine
C. Reaction with t—butylamine-
D, Thiophenoxide. Ton
E, Hexéfluoropropene in the Presence of F;uoride Ion
Nonachlorophenénthriding

A, Methoxide Ion

B. Diethylamine

c. t-Butylamine
D.  Thiophenoxide Ton

The Competition between Nucleophilic Substitution and

‘Reductive Dechlorination

Reactions with.Organometallic Reagents

«

Nonachloroacridine
A, Reaction with n-Butyl Lithium
B. - Reaction with Phenyl Magnesium Bromide

Reaction of Nonachlorophenanthridine with n-Butyl Lithium

Oxidation and Reduction Reactions
Nonachloroacridine
A.  Oxidation
B. Reduction
(i) Using Lithium Aluminium Hydride
(ii) Using Sodium Borohydride

Oxidation of Octachloro-9-acridanune

Page

80

80
81
82
83
83
84
84
85
85
86
86

86

88

89
91

91

91

92
92
92



Page

6. Pyrolysis and Photolysis Reactions

6.1 Photolysis of Nonachloroacridine in Methanol 93

6.2 Octachloro-9-acridanone - ) oL
4. Pyrolysis

(i)- Under Atmospheric Pressure N . 9L

(ii) In an Autoclave _ 9,

B. Photolysis

(i) In an Inert Solvent 9L
(ii) In Isopropanol ' ' - 94
6.3 Pyrolysis of Nonachlorophenanthridine _ ' B 95

CHAPTER IV - Nucleophilic Substitutions in Heﬁtachloroquinoline ancl

13

Heptachloroiscquiﬁoline:- The Use of "“C N,M,R., in

Assignmentnof Orientation

1. Substitution Reactions of Heptachloroquinoline and

Heptachlorcisoquinoline

.1.1 Simple Nucleophiles
A, Infroduction

(i) Reactions of Monohaloquinolines and Monohalo-

isoquinolines . 97

(ii) Factors Governing Orientation in Highly

Chlorinated Heterocycles . 98

(iii) Reaction of Heptafluoroquinoline and Heptafluoro-

isoquinoline . .99
B. DiSpiacements in Heptachloroquinoline and Heptachloro-
isoquinoline
(i) Heptachloroquinoline - 101

(ii) Heptachloroisogquinoline

iy
Q
iV

1.2 Sulphur Containing Nucleophiles _ 103



1.3

2.

2.3

2.4

Page

Ofganometallic Reagents

A, Introduction - 104
B, Reaction of Heptachloroquinoline with n-Butyl Lithium 104
13

C N.M.R, and its Attempted Use in Assigning Orientation

of ‘Substitution ’ 105

General Principles of 13C N.M.R.

A, Nuclear Sensitivity and Natural Abundance 105
B, The Use of Pulsed Fourier Transform ' : : 106
C. The Nuclear Overhauser Effect and Spin-Spin Coupliﬁg 107
D. Features of Chemical Shifts - 108
Earlier 130 N.M.R, Observations of Chloroaromatic Compounds 109
A, Chlorobenzenes and Substituent Chemical Shifts 109
B. Chloropyridines and Chlorodiazines . | 110

Work on Chloroquinolines and Chloroiscquinolines

A, Heptachloroquinoline ‘ _ ‘ 110
B. Hexachlorodiethylaminoquinoline ) o 111
C. Heptachlofoiéoquinoline ' o - i1k
D, Hexachlorometﬁoxyisoqui;oiine a 115
E. General Conclusions ) . 117

Connection with Octachloronaphthalene
A, Work én Hexachlorobenzene and PentéchlorOpyridine ' ; 117
B. Comparison betweeﬁ‘Octachloronaphthalene and.Heptachloro-
quinoline - - : 118
C. Comparison betﬁeen Octachloronaphthalene and Heptachloro-
isoquinoline | 120

D, Substituted Chlorinated Quinolines and Isoquinolines iz




3. Substitution Reactions of Octachloronaphthalene

3.1 Reaction with Methoxide Ion
3.2 Reaction with Amines
A, Reaction with Diethylamine in Sulpholane
B. Reaction with Excess Diethlamine
C. - Reactién with t-Butylamine
D, Reaction with Ammonia
3.3 Reaction with Lithium Diethylamide

3.4 Conclusion

CHAPTER V -~ Perfluoro-5,6 7 8-tetrahydro-quinoline and -isoquinoline:-

The Mechanisn of Their Formation and Some of Their Properties

1. Introduction

1.1 Preparation of Pe££1u0r0-5,6,7,8—tetrahydro-quinoline and
~isoquinoline

1.2 Earlier Work on Possible Mechanisms of Their Formation

1.3 FEarlier Work on Reactions of Perfluoro-5,6,7,8;tetrahydro-

quinoline p

2. Mechanistic Investigations

2,1 Fluorinations of 5,6,7,8-Tetr4ch1oroheptaflﬁoro-quinoline anq
-isoquiholine
A, Preparation of Starting Materials
(i) 5,6,7,8—Tetrach1oroheptafluoroquiﬁoline
(iii 5,6,?,8—Tetrachloroheptafluoroisoqﬁinoline
B. Fluorination at Atmospheric Pressure
(i) 5,6,7,8-Tetrach1oroheptafluoroquinoline
(ii) 5,6,7,8-Tetrachloroheptafluoroisoquinoline

C. Conclusions

Page
121

121

121
121

122

123

123

121

124

127

127

128

128
129

129



3.3
3.k
3.5
3.6

5.3

IFluorination of 1,2,3,h,5,G-Hexachlorohexafluorocyclohexane
A, Preparation

B, Reaction with Sulpholane Doped Caesium Fluoride

Reactions of Perfluoro-5;6,7,8—tetrahydroisoquinoline

Flhiorination with Cobalt Trifluoride

Reactions with Methoxide Ion »

A, One Equivalent of Methoxide Ion

B. Two Equivalents of Methoxide Ion

Reaction with Dietﬁylamine

Reaction with Hexafluoropropene in the Presence of Fluoride Ton
Reactions with'Hydfazine

Rationalisation of Orientation

b IS |

Reactions of Perfluoro-5,6,7, 8-~tetrahydroquinoline

19F N.M.R, Spectra

Spectra of Perfluoro-5,6,7 8-tectrahydro-quinoline and
-isoquinoline
Spectra‘of Substituféd Perfluoro-5,6,7 8-tetrahydroisoquinolines
A, Simple Sﬁbstituents
(i) Monosubstitution
“(ii) Disubs£itution
B. Substitution by Heptaflﬁoroisopropyl Groups

Spectrum of Perfluoro-5,6,7,8-tetrahydro-2, 4-bisisopropylquinoline

EXPERIMENTAL

CHAPTER VI - Experimental Work

1-

1.1

General

Chemicals

Page

131

132

132

133
133
133
134
134

135

136

142



3.

Solvents

Instruments

-Analyses

Experimental for Chapter II - Syntheses of Some Perchloro-

heterocyclic Compounds Containing Nitrogen

Preparation of Starting Materials
A, 9-Chloroacridine
(i) Conversion of 9-Acridanone to 9-Chloroacridine

(ii) Conversion of Diphenylamine-2-~carboxylic Acid

to 9-Ch16roacridine
(iii) Prepafation of Diphenylamine-znéarboxylic'Acid
B. 6-thorophenanthridine
(i) Cpnversiqn of Diphenic Acid to Diphenic Anhydride‘
(ii) Coﬁvérsion of Diphenic Anhydride to Diphenamic Acid
(iii) Conversion of Diphenamic Acid to 6-Phenanthridanone

(iv) Conversion of 6-Phenanthridanone to 6-Chloro-

phenanthridine
Chlorination Reactions
A, 9-Chloroacridine
B. 6-Chlorophenanthridine
C. ; 7,8-Benzoquinoline
(i) Aluminium Chloride Catalysed Elgmental Chlorination

(ii) Further Chlorination with PHOSphorus Pentachloride

'Experimental for Chapter III - Properties of Some Perchloro-

héterocyclic Compounds Containing Nitrogen

Attempted Fluorination Reactions

A, Nonachlorecacridine

Page
142
143

14h

144

145

1 IJ:S

146

147

149

150

- 151



B. Nonéchlorophenanthridine
(i) In a Solvent
(ii) In the Solid Phase o
C. . Nonachloro-?,B-benzoquinoline
3.2 Hydrolysis Reactions and Basicity
A, anachloroacridine
(i) Hydrolysis
(ii) Reac£ion with Hydrogen Chloride Gas
B. Hydrolysis of Nonachlorophenanthridiﬁe
3.3 Nucleophilic Substitﬁtién Reactions
A, Nonachloroacridine
(i) One Eéuivalﬁnt of Methoxide Ion
(ii) Two Equivalents of Methoxide Ion
(iii) Diethylamine
(iv) t—Butylamine
(v) Thiophenoxide Yon
(vi) Hexafluoroprépene.in the Presence of Fluoride Ion
B. Nonachlorophenanthridine
(i) Methoxide Ion
(ii) Dieéhylmuine
(iii) t-Bﬁtylamine
| (iv) Thiophenoxide Ion
3.4 Reactions with Organometallic Reagents
A, Nonéchloroacridine
(i) Reactions with n-Butyl Lithium
(ii) Reaction with Phenyl Magnesium Bromide

B. Reaction of Nonachlorophenanthridine with n-Butyl Lithium

Page

153
154

155

155
156

156

159
159
160

160



3.5

3-6

L2

Oxidation and Reduction Reactions

A, Nonachloroacridine

(i) Oxidation
(ii) Reduction with Lithium Aluminium Hydride
o (diii) Reductio.n with Sodium Borohydride

B. Oxidation of Octachloro-9g-acridanone
Pyrolysis and Photolysis Reactions
A; Photolysis of Nonachloroacridine in Methanol
B. Pyrolfsis_of Octachlero-9-acridanone

(i) Under Atmospheric Pressure

(ii) In aﬁ Autoclave
C. Photolysis_of Octachloro-9-acridanone

(i) In an Inert Solven£'

(ii) In isoproPanol

D. Pyrolysis of Nonachlorophenanthridine

Experimental for Chapter IV-«_Nucleoﬁhilic Substitution in

Heptachloroquinoline and Heptachloroisoquinoline:;~ The Use

13 .

of C N.M,R, in Aszigrment of Orientation

Reactions with_Simple Nucleophiles

A, Heptachloroquinoline
(i) One Equivalent of Methoxide Ion
(ii) Two Equivaleéts of Methoxide Ion
(iii) Diethylaﬁine

B. Heptachloroisoéuinoline
(i) Methoxide Ion
(ii) Diethylamine

Reactions of Hepiachioroquinoline with Sulphur Nucleophiles

164

165-
165

165

166
167

167

167
168




Reaction of Heptachloroquineoline with n-Butyl Lithium

Reactions of Octachloronaphthalene

‘A.  Methoxide Ion

B. Amines
(i) Diethylamine in Sulpholane
{ii) Excess Diethylamine
(iii) t-Butylamine
(iv) Ammonia

C. Lithium Diethylamide

Experimental for Chapter V - Perfluoro-5,6,7,8-tetrahydro-

quinoline and -isoquinoline:- The Mechanism of Their

FOrmation and Some of ‘Their Properties
Mechanistié Investigations
A, Preparation of S@arting Materials

(i) 5,6,7,8-Tetrach1oroheptafluoroquinoline

(ii) 5,6,7,8—Tetrach1orpheptafluoroisbquinoliné
B. Fluorination-at Atmospheric Pressure

(i) 5,6,7,8-Tetrachlor;heptafluoroquiﬁoline

(ii) 5,6,7,8-Tetrachloroheptafluoroisoquinoline
C. 1,2,3,4,5,6-Hexachlorohexaf1uorocyplohexane

_ki) ﬁreparation

(ii) Reaction with“Sulpholaue Doped Caesium Fluoride
Reactions of Perfluoro-5,6,7,8-tetrahydr§isoquinoline
A, Fluorination with CobaltATrifluoride
B, Reactions with Methoxide Ion

(i) One Equivalent of Methoxide Ion

tii) Two Equivalents of Methoxide Ion
C. Reaction with Diethylamine
D. Reaction with Hexafluoropropene in the Presence of

Fiuoride Ion

Page

169

170

170
170
170
171

171

172

172

173

174

174

175

176



E. Reactions with Hydrazine

5.3 Reaction of Perfluoro-5,6,7,8-tetrahydroquinoline with

. Hexafluoropropéne in the Presence of Fluoride Ion

Appendix 1,
Appendix 2,
Appendix 3.

Appendix &4,

REFERENCES

APPENDICES
Infra-red Spectra
A Note on Mass Spectra
N.M.R. Spectra

Ultra-violet Spectra

Fage

178

179 -

181

203

206



INTRODUCTION




CHAPTER T

The Synthesis and Properties of Perchlorinated Aromatic

Heterocyclic Compounds Containing Nitrogen

1. General Introduction

Since about 1960, many perchloroheterocyclic compounds containing
nitrogen have been prepared, frequentl& by Qorkers intereéted in pe}fluoro-
heterocyclic compounds, This has ﬁeen because the most convenient way of
prepariné the perfluoroheterocyclic compounds is by hélogén exchange
reactions on the perchloroheterocyclic compounds. For example, pentafluoro-
pyridine has been prepared from pentachloropyridine by heating the latter

with anhydrous potassium fluoride in an autoclave.1

, L8o"C
N N~

It had been ﬁossible to obtain pentafluoropyridine by electrochemical

fluorination of pyridine or piperidine, which produces undecafluoro-

L

o _ .
piperidine )3 followed by defluorination of the latter in a nickel tube,

but this was not a convenient synthetic route to pentafluoropyridine,

Ni Gauze

560°C

F

N
{
F

The halogen exchange reaction has been found to be much more generally
applicablé, SO many perchlorohetefocyclic compounds have been prepared, but
their properties have bheen little investig;ted compaired with all the wdrk
reported on the properties of the fluorinated compounds, for two main reasons.

First, the low volatility and low solubility of the chlorine compounds make
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their handling and separation difficult. Secondly, apart from mass
spectrometry, there is no very convenient spectrescopic tool for identifying
their structures. This contrasts with the fluorinated compounds which are
quite soluble in a wide range of organic solvents, volatile enough to be
used in vapour phase chromatography, and suitable for investigation by 19F
n.m,r., spectroscopy.

The aim of this work was to investigate the properties of some‘

perchlorinated heteroaromatic compounds where nitrogen is the hetero atom and

to synthesise some new perchlorinated systems.

2, Preparation of Perchloroheteroaromatic Compounds Containing Nitrogen

There are two main approaches to the synthesis of these compounds.
The first involves direct chlorination of the required rimng system, while the
second involves cyclisatici of a material which is already partly or fully

chlorinated, to give a new ring system.

2.1 Methods Involving Direct Chlorination of the Heterocyclic System

5

The chlorination of heterocyclic compounds in general has been reviewed s

buf this review chiefly deals with reactions in which chlorine is the
chlorinating reagent and no catal&st is used, Any classification of these
reactions is rather arbitrary and the following classification has been made

for convenience only. .
; .

A, Elemental Chlorination in the Liquid or Vapour Phase

Generally, the chlorination of heterocyclic nitrogen compounds in the
liquid phase (either as a solufion or when the substrate is a liquid) doszs
not lead to a very high degree of chlorination, but rather to a high degree
of specificity in the orientation of substitution,

When pyridihe in carbon tetrachloride solution is treated with chlorine

under ultra-vioiet irradiation, enly 2-chloropyridine is foxmed.



\ c12/L014

U.V.

Quinoline is converted exclusively to 5,8-dichloroquinoline by
treatment with chlorine, in sulphuric acid solution and in the presence of
silver sulphate.7

C1

C1,/1,80,
————3
Ag_SO
§ =, N
C1

The chlorination of 2-methylpyrazine in carbon tetrachloride, however,
is less specific, giviig 2-chloro-3-methylpyrazine as weil as 2-chloro-5-

methylpyrazine.

O
Nl-'
S
O
-
z
)
(%]
2
W
e
sy
(o%)
2

\N CH : ~~C1 N ~C1

There are some instances hpwever, wvhere elemental chlorination in

b
solution can lead to a higher degree of substitution. For example, vhen

the sodium salt of N-acetylindoline-2-sulphonic acid is chlorinated in water

and the product is base hydrolysed, 5,6,7-trichloroindole is produced.9

, C/Ho o-15%¢
| -SOB-Na - . >
- OH o1 4
;>c=o | L H
ch
3

This trichloiroindole may be chlorinated further in refluxing carbon

tetrachloride, with a trace of iodine as catalyst, to give 2,3,3,5,6,7—



S A

hexachloroindolenine.10

C
ci_/cci, /1
I

2/ r 2

C1 N . Reflux 1 h.
~N
H
C1 _ : Ci
It has also been possible to achieve a higher degree of chlorination in

the liquid phase by using more drastic conditions. - 2-Chloropyridine is

converted to 2,3,4,5-tetrachloropyridine by passing chlorine through a

mixture of the hot liquid substrate and hydrochloricla'cid.i_1
C1
Cl C1
c12/H01
105 c/5 h.

N C1

.Passing chlorine through heated quinoline gives a mixture of products,

. . 12
including the highly chlorinated_3,4,6,7,8-pentachloroqu1n011ne.

A C1
' .012 ’ . C1 C1 less
' o > + chlorinated
' 160~190 c/1‘o h. L guinolines
N . » Cl N
- : C1

Early work on vapohr phase chlorinations did not leéd to a very high

degree of substitution and the position of substitution was found to be
quite variable, At ZOOOC, pyridine is converted to 3-chloropyridine,

whereas at 27000, it gives a mixture of 2-chloropyridine and 2,6-dichloro-

pyridine.1)

Ci




-C1 Cl. \\\N Ci

Pyrazine has also been chlorinated in the vapour phase to give the

mmmdﬂwocmmmm&ia

AN c1 , N c1
2 5 _
400°C .
N - N

It has been found that the vapour phase chlorination of carbonyl
chlorides is a useful synthetic route to some chlorinated heterocyclic
compounds.15 For example, 1,2,3,4-tetrahydroquinoline-N.carbonyl chloride
is converted to heptachloroquinoline by pre-chlorination at 50-15000,

followed by chlorinatioh at 150-500°C in the presence of activated carbon.

A
B N
' —_— c1 km J
N : ' > a =

coCi ‘

]

Recently, higher temperatures and the presence of solids, have allowed

)
full chlorinations of compounds without functional groups to be achieved.
Thus pyridine is converted to pentachloropyridine by chlorine gas, diluted
with nitrogen or carbon tetrachloride, and in the presence of a siliceous
earth,

C1 Z

. > c1
4,00-500°C

N-



In a rather interesting reaction, pentachleropyridine, heptachloro-
quinoline and tetrachloropyrazine have been prepared from their saturated
hydrocarbon analogues by passing the latter, with chlorine and carbon

17

tetrachloride diluent, down a heated tube,

c1, '
—_— c1
580°C . .
N N
{ . :
H : .
cL,
—_— c1
580°C _
riJ ' ‘ a N
H
H
\
ci, . /N
— > c1
580°C :
N N .
|
. H

B. Elemental Chlorination with Lewis Acid Catalysts

. Chlorination of aromatic syétems by Lewis Acid catalysis is a well
known re%ction, and is believed to'proceed by an electrophilic process, in
which.the catalyst complexes with a chlorine molecule to give a positive
chlorine Spéciés. The positive chlorine then attacks the aromatic system
to give an intermediate which can eliminate a proton to give the product.

Thus for a Lewis acceptor A, the chlorination of benzene is believed to
occur as follows,
Cl--Cl- -A

0, X
- + X
Cl, + A T A-CL:~Ci — L H
, N

|+ HCL +



The strength of the complex between the catalyst and chlorine is unknown
and hence it is not clear how nearly a free chlorine cation is involved.
Nitrogen heterocycles are not expected to be very susceptible to
electrophilic attaék, in the presence of Lewis Acids, for two reasons.,
First, localisation energy calculations show them to be intrinsically less
susceptible to electrophilic.attack than carbocyclic aromatic compounds,
Secondly, they are themselves likely t; complex with the catalyst lo place
a partial positive charge on the ring. Pyridipe, for example, cannot be
chlorinated with a ferric chloride catalyst,18 although‘the same reagent
readily chlorinates ben;ene.- It has been shown,18 that a complex is formed
between pyridine and ferric chloride which is rgsistant to attack by the

electrophile available.

FeCl

———

N-FeCl
3

It is possible that the use of a more powerful Lewis Acid as catalyst,
so that the electrophile is more nearly a free chlorine cation, would
enable chlorination to proceed, This possibility has been demonstrated by

«

the chlorination of pyridine in 50% yield at 100°C, with aluminium chloride
as the catalyst.18 Observations are consistent with the reaction proceeding

in the following way.

2 + 2 A1C1, ———> 2@
N +N

“4C1
-3
c1.
p) + Cl--=Cl---AlCl, ——> + /\\”
Y PN |\+§1 -
| | "aLc,
" AlCI,, ' ‘ - *
s 1013 H



The pyridinium salt produced is quite inactive towards the electrophile
used so, when the mixture is hydrolysed at the end of the reaction, 3-
chloropyridine and pyridine are recovered in equivalent amounts,

Quinoline and isoquinoline are much more susceptible to chiorination by
chlorine with aluminium chloride as catalyst. Quite mild conditions lead
to the production of 5,6,7,8-tetrachloroquinolige and S,?,B-trichloroiso-

quinoline, resPectively.19 ’ 0

Clz/A1C13 ' \

_ —— > - Cl
Y y 150 C/4 h. ~y
c1
Ez/Alcl /\l/\ :
145°c/2 h. - _ P N
c1

This relatively'easy chlorination occurs in the carbocyclic ring; presumably
this is because any complexation through, or protonéﬁion of, the nitrogen
atom, does not produce such a higH positive charge on the carbocyclic ring

as on the ﬁeterocyclic ring. .

This chlorination method has become known as #he ;swamping catalyst
technique', because the aluminium.chloride is used in equivalent, rather than
truly catalytic, amounts, It haé been developed by Chambers and co-workers,
with rather more severe conditions; as one stagé in the synthesis of ‘a
variety of perchlorinated heterocyclic compounds of nitrogen.

Normally, the carbocyclic ring, or rings, in the molecule is fully
chloriﬁated bf this technique, either before or after the heterocyclic ring
has been chlorinated. Thus quinoline is converted to 5,6,7,8-tetrachloro-
quinoline in 87% yield, as the first step in the preparation of heptachloro-

. . 20 21
quinoline, !
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Clz/A1Cl

140-160°C .
N "N~

More vigorous conditions allowed the formation of some pentachloroquinoline,
but the overall yield was decreased by polymerisation.

Hexachlorophthalazine is prepared from 1,4—dichlorophthalazinq.22

C1 ‘ ' cL
i c12/A1(:13 . ///£§§N
| 2 o |
N 200°¢C \T‘%;N

c1 _ - . C1

The reaction has also been used for the final stage of the preparation

23

of hexachlorocinnoline.

o : cl.
c1./A1C ‘\\‘ c1
1,/A1C1, I//«\\QT/
_——_9 |

\I.
N‘¢

C1-

In the case of isoqﬁinoline, aluminium chloride catalysed chlorination
has been found to be sufficiently active to cause extensive substitution in
the heterocyclic ring.zo At 156°C, a single hexachlorisoquinoline was formed
in 87% yield.

The quinoxaline nucleus seems to be sufficiently reactive for chlorinatioen
to oécur with milder Lewis Acids as catalysts. Hexachloroquinoxaline has

: ; . !
been obtained from 2,3—dichloroquinoxaline in this way.zt

N

. . N
\\ﬂ’// X 1 Cl /Fe

(Y == UL

' 1
J
\\\Nﬁﬁ"CI \§§y//a\\\N;9?\‘Cl

/
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C. Chlorination by Compounds of Chlorine with Group V Elements

These reactions may be divided into those in which the chlorinating
agent replaces hydrogen in the substrate, and those in which some other
functional group, usually hydroxyl, is replaced.

As early as 1898, the chlorination of pyridine by phosphorus pentachloride

25 It was found that this

in boiling phosphoryl chloride was attempted,
method gave very little reaction, but that heating pyridine with d%y
phosphorus pentachloride in a sealed glass tube,‘at 210-22000 for 15 to 20h. ,
produced a mixture containing a single dichloropyridine, three trichloro-
pyridines, three tetrachloropyridines, pentachloropyridine, and other
unidentified materials,

This method has been improved to provide a useful synthetic route to
pentachloropyridine.1 Tr« main improvement was to use steel autoglaves
which allowed the temperature to be increased to 28500. Recovered di-~ and
tri-chloropyridines were recycled so that a good yield of a mixture of
pentachloropyridine and tetrachloropyridine was obtained. Separation of
pentachloropyridine from this mixture was quite straightforward.

Phosphorus pentachloride haé'also been used to chlorinate aromatic énd
saturated hfdrocarbons by stirrimg under dry nitroggn at temperatures up to
120°C.26 Cyclohexane, n-heptane, toluene, mesitylene and cumene were all

partially chlorinated in this way. It has been suggested that replacement of

a hydrogen atom in a compound R-H occurs by the follewing mechanism,

—
PCl, —= PCl, +  Cl, (1)
c1, — 2 Cl- - : (2)
Cl- + RH ‘> K1 + Re (3)
R+ Pc15 > RCL + -PCL, (&)
«PC1, + RH ] HPCL, + R (5)
I 4

HPC1, — HC1L o+ PCl, (6)

Lk -

e P [ bl .
PC1, PCl, + €1 (7)


http://tetrachloropyridir.es
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Since the mechanism involves dissociation to phosphorus trichloride and
chlorine, the chlorination is effectively achieved by elemental chlorine;
phosphorus pentachloride acts simply as a convenient source of this. After
reaction (4), the 'P014 radical produced can react in two ways = with
substrate or by dissociating. If the equilibrium (7) lies well to the
right, then reactions (5) and (6) will be unimportant.

It is always found that the reaction of a nitrogen heterocyclé with dry
phosphorus pentachloride in an autoclave causes the heterocycle to be
chlorinated, but this reaction'is not.always synthetically useful. Choice of
substrate and conditions has to be made carefully if perchlorinated heterocyclic
compounds of nitrogen are to be obtained.

For example, the-reaction between phosphorus pentachloride and quinoline
at temperatures ranging from 250 to 285°C produces hepteachloroquinoline,
hexachldroquiﬁoline and decomposition products,27 This is not, however, a
useful synthetic roqte to heptachloroquinoline, because of the great difficulty
of separating the latter from the product mixture, Heptachloroguinoline is
regdiiy obtained by the chloripation of tetrachloroquinoline (prepared as in

section (B) above) with phosphorus pentachloride.ao’_z8

/”' Q\\\ PC1

o c1
N 315°C/5 h.
N , N

The five hours reaction time includes the time tékén to heat the autoclave to
the reaction temperature.

Phosphorus pentachloride has been quite frequently used to complete
the chlérinatidn of a heterocyclic nitfoéen coripound, Tetrachloropyridazine,29

. . 0 . v 1 .
hexachloroqu:.nnxallne,3 and hexachloroqu:.nazo:‘.:.ne3 are all synthesised by

this kind of process,



C1
N PC1 N
-
L" = 2 > Cl ”
305°C/17 h. X N
C1
N = . fal
\ Cl1 PC15 N. C1l
—e
[e]
300 C/17 h.
c1 )
N : N €1
C1

PC1

N
P
F~c1 300°c -

N

The chlorination of 5,6,7-trichloroindole with phosphorus pentachloride

was originally thought to givé‘heptachloroindole;32 i.t has now been shown

that the product is heptachloroindolenine.B)

Cl
C1
PC1
_as_a Ci1 C1
290 C/6 h, N

As mentioned before, compounds of the Grbup V elements are frequently
used to replace hydroxyl groups by.chlorine in a heterocyclic nitrogen
;ompound. The reagent most frequently used is refluiing phosphoryl chloride;
phosphorus pentachloride or dimethylaniline may be present and sometimes the
reactioﬁ is achieved by phosphorus pentachloride alone,

For example, 3,6-dihydroxypyridazine is converted to 3,6wdichloropyridazine

2
by refluxing phosphory) chloride alcne.”


http://pentachlorj.de
http://chlorj.de
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OH ' c1

POC1 N

OH : C1

Uric acid is converted to 2,6,8-trichloropgrine by boiling phosphoryl

chloride alone.35

0
: POCl
J\N I C]_L
H H

5,7-Dichloro-2,3-dihydroxyquinoxa1ine is converted to 2,3,5,7-tetra-
chlorogquinoxaline by a mixture of phosphorus pentachloride and refluxing
24

phosphoryl chloride,

Cl

~N Ci
j PC1. /PObl PCly/POCL, -
C1 C1

The keto tautomers of hydroxy compounds are also converted to the
corresponding chloro compounds. Barbituric acid is converted to 2,4,6—tri-

36

chloropyrimidine, and 4,6-pyrimidindione is converted to &,6-dichloropyrimidi%é,
by refluxing phosphoryl chloride and a little dimethylaniline.

o] - C1

N . POC1 /Dlmbthylanllnne

OJ\N 0 Reflux 3 h. 01/&
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0 ' C1
N POClB/Dimethylaniline © N

L§§N 20 Reflux 3 h. L§§N c1

In some cases, considerable care must be taken in choice of conditions,

to obtain an efficient reaction, For example, quite a lot of work has been
done on the synthesis of 1,&-dichlorophthalazine from 1,4-dioxcphthalazine.
Some workers have described reactions using phosphoryl chloride as reagent,gs’39
vhile others have described reactions using phOSphofus pentachloride as
r'eagem:.ltoult2 Much more recently, Hirsch and Orphanos have claimed that
none of these methods are really satisfactory for.obtaining pure 1,4~
dichlorophthalaé:i.ne.l’:3 They believe they have devised a better reaction
using phosphorus péntachloride in a sealed system,

0 ' C1

J\NH PC1, : &
-

o : C1

22—

" NH 140-150°C/kL h.

The value of including phosphorus pentachloride and alkylated anilines
is seen in the preparation of trichloro-1,3 h-triazine. This was first
isolated pure by the reaction of phosphoryl chloride alone on 5-bromo-6-

bl

azauracil, =

0 N 0 c1 N c1
\r/ POC1 \”/
_—3
Br

N
N~ H o N/’N

N
It has since been shown15 that the yields are improved by the addition of
phosphorus pentachloride and N,N-diethylaniliine.
-As well as veplacing hydroxyl and keto groups, phosphorus pentachloride

has been used to replace carboxylic acid groups by clhilorine. For example,
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tetrachloropyrazine may be prepared from pyrazine-2,3-dicarboxylic acid by
/]
reaction with phesphorus pentachloride in an autoclave.t6
N COOH ' N
LC00 PC1 =
2> ' c1

300°c/8 h.

N COOH X

Of the other Group V elements, only antimony has been uéed in its
compounﬁs to achieve chlorination of heterocyclic compounds. Antimony
pentachloride.is known to be a vigorous chlérinéting agent and in 1882 it
was shown that, when quinoline is heated with antimony pentachloride at
temperafures ranging from 170-&OO°C, hexachiorobenzene and "hexachloroethane

L7

are prodiced, A more synthetically useful reaction is the conversion of

9-acridanone to octachloro-9-acridanone by antimony pentachloride and iodine

L
catalyst, which was reported in 1914,18-

: 0 - ) 0

SbCl..

5

—_2 c1
I2
. . s

| | |

H H

.-
No reaction conditions were specified and this report does not seem to have

been followed up.

D, Chlorination By Other Chlorinating Reaggpfs

Compounds of sulphur are quite frequenily used as chlorinating agents.

Simple compounds are not very active; sulphur dichloride, for example will

49

only chlorinate 8-nitroquinoline to 3-chloro-8-nitroquinoline,

sc1,, /\\' !
—— — ]
. ’ \\N 140 (‘/6 h. \\T/‘ \Nv//"

NO, NO,
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Sulphuryl chloride, in solution in N ,N-dimethylformamide has been
shown to be a general reagent for chlorinating 2-alkylpyrazines in the

3-position.50

c
£0,C1, {
o >
1,5°¢
N R b5 R

In 1922, Silberrad reported that a mixture of éulphur monochloride,
aluminium chloride and sulphuryl chloride pfcducéd a very potent chlorinating
reagent in sulphuryl chloride solution.51 He postulated that the chlorinating
agent formed was A1252018 and, by varying reagent concentrations and the
temperature, he Qas able to chlorinate benzene to almost any desired degree,
including complete conversisn te hexachlorobenzene,

This work.was not extended until 1960 when Ballester, Mollinet and
Castanersz adapted the reagent by using greater amounts of aluminium chloride

and sulphur monochloride, They were able to obtain highly chlorinated alkyl

aromatic compounds, including decachloro-para-xylene and octachlorotoluene.

cc1 : ' ccl
3 .

o

. .
02012/A1013/52012‘

Reflux 12 h, C1
cc1 cC1
3 ) . 3
cc1 ' cC1.
: 3 ' /| 3
C1 H
SOZCIZ/AICIB/SZCIZ\ o
Reflux 24 h, .
C1 c1 :
Cl

This Silberrad-BMC reagent (after the workers who devised and developed

it) has been widely used for o wide variety of chlorinaiions, Recently the
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undecachlorodiphenylmethyl radical has been made using the reagent for a

c
chlorination step.J3

C1

H 1
S0,C1,_/A1C1, /S _C1 /l
2772 3y 272, : c

_ N
c1 : - ' c1

c1° | .

/N

“oH
./Cl . 02 or \ -
Cc &——— /';C
T AN
2 C1

C1 ) \

So far, no perchlorinated heterocyélic nitrogen compound has been
synthesised using this reaéent, but there have been some preliminary
investigations oﬁ the use of the’reagent for chlorinating heterocyclic
cémpounds.

Piridiné and quinoline are found to be much less suscebtible to

54

chlorinatioﬁ by this reageﬁt than is benzene, confirming that the process
is electrophilic, Neither of these compounds was significantly chlorinated,
unless the reaction was carried out at a high temperature, under pressure in
an autoclave. Under these conditions, tetrachloropyridine can be obtained
from pyridine,

. 2 2

. P : ;soc’c/za. h. ’ l\ /‘

N

z S0 C1 /A1C1_/S C1 /\
3/ P 1, ,4}_--_01&



Under very forcing conditions, heptachloroquinoline may be obtained from

qguinoline,

S0,.C1_/AIC1,/S_C1 N
2 ' 302 e l
210°c/90 h. -

AN N>

As the.&ield is only 7% and separation from aecompositién ﬁroducts is
difficult, this i; not a synthetically useful reaction,

A chlorinating reagent with a rather speéiaiised use is dichlorometﬁyl
lithium and phOSphorﬁs pentachloride. 'It has net been applied to
heterocyclic systems but, in carbocyclic systemé, it has been shown to

55

replace a carbonyl group by a dichloromethylene group.

) ClchLi // ’ :
crieljl ~ ——> ci]c -———-a c1 i« c1| c1 ”
- - -110% - 180°%C C/ e [ N

o . cHel

0 . . CHC1, _ CcCl
There is another chlorination agent which has a specialised use for the

benzotriazole ring system. . Refluxing aqua regia converts this system to

4,5,6,7—tetfach1orobenzotriazole.56

. S
- \\N HC1/HNO - ’\\
/ Reflux /N
N N
| ]
H H

This reaction has been shown to be generally applicable to benzotriazole
derivatives, if acetic acid is added to the mixture.57 For example, 4,6,7-

trichloro-5-fluorobenzotriazole is prepared from 5-fluorobenzotriazocle.

C1
. " .
"R/N\}-\N HC1/1NO 3/ 01-130001-1 ™~ N\
- s N
I Reflux i . //

CI.

.. /
T —
\

Cc1 H
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The preparation of these benzotriazoles is important because they are

converted to the corresponding orthophenylenediamines by zinc in hydrochloric

acid.57
N, NH
c1 ‘ \\N Zn/HC1 2
—_—
/ Reflux 2 h.
J
ri! I\H2
H .
C1 : Cocl
r F NH
: N 2
\\N Zn/HC1
/ Reflux 2 h.
c1 1;1 C1 NH,,
C1 H ' ) c1

The orthophenylenediamines nre important as starting materials for
synthesising more complex ring systems by cyclisation.
1-Chlorobenzotriazole has been used as a chlorinating agent for various
. . 58 o
carbazole derivatives, As many as four chlorine atoms have been

substituted in the carbazole ring.

A~ PO C1
CH.C -
A\ 2“1y -~
N o
/ 20 C/18 h.
| ! v
H C1 - " cl H c1
N\
+ b N
. ‘1?'/
H.

2.2 Methods Involving Cyclisation

Any system of classifying these reactions is bound to be somewhat
arbitrary,. The one used here is based on convenience, rather than on any

theoretical or mechanistic distinclions.
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A. Reaction Where Chlorinating Agents Cause Cyclisation

Beck and co-workers have investigated chlorination reactions of
- . 59 N ) . ' .
cyanoalkylated secondary amines, and found two types of reaction depending
on the conditions. ~ Chlorination at fairly low temperatures, followed by
vacuum pyrolysis, gives the fused pyrimidines shown below in a reaction

involving chlorination and cyclisation.

P ' c &‘
X 1
HoC” SN c1 2/150°c ~ XN

| : >
HoC Heat in vacuum : c1

~

Hzlc Y C12/15O°C

. -
y.C _ Heat in vacuum

However, for the first compound, .chlorination at a higher temperature
iﬁvolves chlorination, cyclisation,; and loss of a methane or an ethane
fragment so that alkyl pyrimidines are produced.

C1 : Cl1

Ca Cl
o
01_2/200 C

C1
N . F
l - . /u\ ’ /h\
HoC . _ ~ -
~ Cl CC1 Cl N 'CZC].S

N ~N 3

When the chlorination of 4,5 ,6-trichloropyrimidine is attempted under

ultra-violet irradiation, no more chlorine is introduced but coupling of two




Cl
c /\ : N N
=48 N Clz/u.v. :
/U . Ak a1 o
= . 200°¢/5 h. '
C1 N /5 N N

A cyclisation of secondary amines has also been used to prepare hepta-

‘ . . 6
chloroquinoline, 1 Thus the chlorination of n-propylphenylamine under

increasingly severe conditions leads to heptachloroquinoline.

PhC1/10-120°C _

_ COCl2
~-CH_CH,_CI
T. 12 o {3
H
B, Reactions of Tetrachlokouorthophenylene Derivatives and Similar
Compounds

As mentioned in section 2.,1.D above, tetrachloro-orthophenylene diamine
and its derivatives are readily available from benzotriazoles. The amine
functions will react with carbonyl compounds and'this reaction has been
used to achieve cyclisation, In this wvay, 4,6,7-trich10ro-5-fluoroquinoxalinz(

. 'S :
and 4,5,6,7-tetrachloro-2-trichloromethylbenzimidazole 2 have been prepared,

C1
CHO
F NH,, I
CHO -
T+hann A FT 3gar 4
C). \NHO Ethanol reflux 1 h.

C1
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NH, cc1 3coc1 ~N
—_ C1 >— cc1,
3 ™~
NH,, | rir
H

Another tetrachloro-orthophenylene compound to have been cvclised is

tetrachloro-2-nitrobenzaldechyde which, on treatment with acetone in alkaline

63,6&

solutions produces an indigo type compound.

NO
= 2 (c113) ,C0

(] —_—

CHO OH

Another cyclisation reaction invelving a diamine, tut not an ortho-

phenylene diamine, is the preparation of a carbazole from a 2,2'-diamino-

65

biphenyl by the action of acid.

Cl C1.

c1 . c1

C. Reactions Involving Nitriles
These reactions are normally with perchlorcaryl lithiums; Wakefield
and coworkers have investigated the reaction of a wide range of nitrilic

67

' . 66
compounds with pentachlorophenyl lithium, ? They have prepared 2k~
diaryl-5,6,7,8-tetrachloroquinazolines by reaction of two moles of the aryl

nitrile with pentachlorophenyl lithium, in dievhyl cther at —20°C, followed
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by refluxing for three hours, For example:

]fll ' ' Ph
' I
3 . C\ *
PhCN c1 “t PhCN_ - |
~. C

LiNZ= ““ph

+ LiCl

N~ Ph

The same workers have also studied the reactions of tetrachloropyridyl
lithiums with benzonitrile.68 Thus tetrachloro-b-pyridyl lithium reacts
giving 5,6,8-trichloro-2 k-diphenyl-1,3,7-triazanaphtbalene, while tetra-
chloro-2-pyridyl lithium reacts giving 6,7,8-trichloro-':,k~diphenyl-1;3,5~

triazanaphthalene.

Li o Ph
Cl \%\’(§
c1 gPhCN - ‘ N
x : ' NN # Ph
N - N
C1

| c1 : _
mf Y~ Ph
c1 _2PhCN W ﬁ/
N Li c1 \N/((N
Ph

A quite general synthesis of 2 Lk ,6-trichloropyrimidines has been found
to be the reaction of dichloroisocyanides with nitriles containing a

<
.methylene group next to the nitrile function.6)

cc1, R NN

€1,CN-CCl, + RCHON i
3 2 500°C/5 h. P )J\
C1 N Cl
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Chlorination of N-cyanoalkylpiperidines has been found to lead to an
interesting cyclisation.7o Chlorination in chloroform at 25-35°C is
followed ﬁy exhaustive chlorination At 300°C and octachloropyrimido[l,E-a]
azepine and 2,3 ,4,5,6,7-hexachlioro-1,8~naphthyridine are obtained in low

yield,

He . N N c1

“" =
CHoCHoCN .

The pyrimido azepine rearranges to pyrimidine derivatives if it is

71

chlorinated further,

' c1
C1 —N
c12
N N = > C1 + Cl- c1
C1 320-375 C/2 h, ' N
C1

D, Reactions Involving Other Multiple Carbon to Nitr@gen Bonds

Holtschnidt and coworkers have shown that isocyanaies with a dichloro-
methylene group adjacent to the isocyanate function'exisf extensively as
. 72
carbamoyl chlorldes.

R ]

cc c —— c c/)
R-CC1,-N=C=0 — =N-c{

~
rd
Cl Ci

In this form, these compounds will react with various amidines to give

triazines.

—

c1” C1 i, NY

R

- R, /N OH
R o] OH /H_O N -~
2 o )
~. 177~ N
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The nature of the R groups is quite critical to the success of the reaction.
R normally has to be phenyl or trichloromethyl, but R] may be much more

variable and cculd be a chlorine atom,

Amidines will also react with polychloroaza-alkenes to give triazines.73
' R N R
C : - ~
- a SN OH™/H,0 2
: R-C-N:C\\ + RZ-C\\ —_—
| N * N
Cl By NH, X
R
1
R, R1 and Rz may all be quite extensively varied and can be chlorine atoms
or chlorinated alkyl or aryl groups.
The same workers have studied the reactions of isothiocyanates. They

find that pentachlorobe-izothiazole is formed by heating pentachlorophenyl-

7h

isothiocyanate at 35OOC.

N=C=S = Ny
[+
: . . , S

Heptachloronaphtho[l,zwd]thiazolé is similarly formed from heptachloro-

naphthalene-1-isotlriiocyanate.74

Cl

e
(=

The irradiation of tetrachloro-4.N-anilino pyridine in ethanol solution

A\
g

§§S

Z
4

o\

E. Pyrolysis and Photolysis Reactions

! . . 5
has been shown to produce 3-aza-1,z,h-trlchlorocaroazole.7



Cl
Nﬁ;i;: , u. v. N
Ethanol
N : ' C1’ N
H Cl H

5-Azaheptachloro-acenaphthylene is produced, in an interesting reaction

where cyclisation is accompanied by reariangement, by heating heptachloro-

: . R, . o 6
naphthalene~1-isocyanide dichloride, under argon in a sealed sys_tem.7

Clee _-C1
€1,C=N
= N 350-400°C_ - c1
N F )

The indole ring system has also been obtained by thermal cyclisaticn
of a suitable isocyanide derivative, Heptachloroindolenine has been

prepared in this way by passing the reagent thrrough the apparatus in a slow

streaﬁ of nitrogen.77
C1
C1
cCi o
80-400°C
l 3 3 g : c1
C ' /4
N el N
F. Miscéllaneous Reactions

The pyridine ring system has been synthesised starting from hexachloro-
cyclopenten—B-one.78 Reaction with liquid ammonia in diethyl ether produces

an acyclic amide which, on further treatment with phosphorus pentachloride

gives a mixture of tetrachlorov-2-pyridone and pentachloropyridine.

_ NH, PC1_
—2 C1.,C=CC1-CC1=CC1-CONH,, —
-50°C
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The pyridine ring system is also obtained from chlorinated, unsaturated

nitriles by reaction with alkoxides.79 A wide range of alkexides has been

used to prepare 2,6-dia1koxy-3,Q,S-trichloropyridines. For example, 3,4,5—

trichloro-z,6-dimethoxypyridine has been prepared by using wmethoxide ion in

methanol.
c1
Cl cl
C1-CC1=CC1~CC1l=CC1-CN EE§}ZEE§HL>
20°C/2 h. Heo Xy OMe

There is a synthesis of 4,5,6,7_tetrachloroindoies based on pentachloro-
phenylhydrazones.so The latter are prepared from the appropriate ketone
and pentachlorophenylhydrazine, Unfortunately, this synthesis is not
completely general, but it h;s been used to prepare 4‘5;6,7-tetrach10ro~2-

phenylindole, with polyphosphoric acid as the cyclising agent.

/,Me Polyphosphoric aéidh

Ph 200°c/1% h.

NH=-N=C

C1 ~Ph
N

|
H

2,4-Dichloropyrimidines have been prepared starting from an isocyanide

dichloride and a nitrile, in a reaction which is catalysed by Lewvis Acids.81

R-CC cc 'S
- 12-1\1.= 1, | o
: FeCl3 ' 1 N -
F _ heat > )L
R N Cci

R1-CH20N

For the yields to be significant, R has to be a chlorine atom, but the

identity of R1 may be quite widely varied.

3. Reactions of Perchlorocheteroaromatic Compounds Containing Nitrogen

3.1 Conversion to Corresponding Perflucroheteroaromatic Combounds

The most general and successiul method for achieving this reacticn,
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known as a halogen exchange reaction, is tc use a metal fluoride, either in
a solvent, or in the solid phase. The use of halogen exchange reactions
in the preparation of fluorinated organic compounds has been reviewed, and
the review includes sections on halogen exchange in aromatic and hetero-

. 82 . . ' . .
aromatic compounds. Experiments on the solid phase fluorination of
chloro-2,4-dinitrobenzene with several different metal fluorides have shown
that caesium fluoride is the most reactive metal fluoride, followed quite

83,84

closely by potassium fluoride, which is the reagent most commonly used,

Since the reactions are essentially nucleophilic displacements in an
aromatic system, some activating group would be expected to be necessary

and the earliest halogen exchange reaction reported was in chloro-2, 4~

. [ 24
dinitrobenzene, which is highly activated, in nitrobenzene solution.

\ ' NC
NO,, | o

KF/200°C
Nitrobenzene
NO . NO

Cl I

Other dinitrobenzenes, such as 1;bromo-2-chloro-3,S—dinitrobenzene,have been
shown to undergo halogen exchange in nitrobenzene solution, but mononitro-

benzenes, such as 1,3—dibromo-zuchloro-S-nitrobenzene, will not react.

02N NO2

O N NO :
27 2 KF/200°C
Nitrobenzene’

C1 , F

Br Br

The use of more polar, aprotic solvents, such as N, N-.dimethylformamide,
dimethylsulphone, N-methyl-2-pyrrolidone, and sulpholane,,K has allowed halogen
exchange reactions to be achieved on less activated systems,

For example, 2-chloronitrobenzene is converted to 2-fluoronitrobenzene

87

in N,N-dimethylformamide; 1,k-dichloro-2-nitrobenzene is converted to



- 29 -

. B
1-chloro~4-fluoro-3-nitrobenzene in d1methy15u1phone;8 and octachloro-

89

naphthalene is converted completely to octafluoronaphthalene in sulpholane.

KF/Dimethylformamide?
170°c/150 h.

(L.
: NO2 :
. c1 ' '
. E::i::][,noz .- . ’,Noz
KF/Dimethylsulphonq>
C1 .

166°C/L n.

C1

KF/Sulpholane
230-240°C/14 h.

\"/

/ o\

Heterocyclic nitrogen compounds, too, wiil undergo halogen exchange
in various solvents, but some activating group other than the ring nitrogen
atom is sometimes necessary. Thus 2-chloro-5~-nitropyridine is converted to
2-f1uoro-5-hitr0pyridine by potassium fluoride in N N-dimethylformamide, but

2-chloropyridine is unaffected by this reagent.go

OZN qu
KI'/Dimethyl formamide
- o
120°C/8 h.

Using dimethylsulphone or sulpholane, however, it was possible to
replace the chlorine atoms in simple chloropyridines, but rather long reaction

times were necessary,

KF/Dimethylsulphone_ ,
21 days -
N N ht
N~ C1 _ ‘\\N r
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Using N-methyl-2-pyrrolidone as the solvent, a mixture of pentafluoro-
pyridine, 3-chlorotetrafluoropyridine, and 3,5-dichlorotrifluoreopyridine

has been obtained from pentachloropyridine.gp

r
r C1
c1 KF/N-methyl—z—pyrrolidone\ ,
o
N 200 C/24 h. N -
N -~
F
Ci c1
F N F

The preparation of octafluoronaphthalene,89 is the only preparation
of a fuily fluorinated aromatic or hetercaroumatic system, by halogen
exchange in a solvent which has been reported and it has not been possible
to prepare hexafluorobenzene from hexachlorobenzenz by this technique.

Probaﬁly this is because the solvents cannot be used at temperatures as
high as those which are needed. |

Reaction of hexachlorcbenzerie with s0lid potassium fluoride in an
aufoclave, however, produces hexafluorobenzene, with other less fully

93

fluorinated products, and hexafluorobenzene may be obtained pure by

distillation,
g
—_—>
O
450-500"C
In the field of heterocyclic nitrogen chemistry, potassium fluoride
in the solid phase was first used for the synthesis of pentafluoropyridine

. g 1,92
from pentachloropyridine, *
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C1 KE => F

486°c/24 h.

This solid phase haleogen-~exchange reaction has been shown to be fairly
generally applicable to the conversion of perchloroheterocyclic nitrogen
cbmpounds to the corresponding perfluorcheterocycles. ' For example,

0,94

. . 2 . . . .
Jheptaflueroquinoline, heptafluor01soqu1noL1ne,20 tetrafluoropyrazine,

22 :
and hexafluorophthalazine have all been synthesised in this way.

al « X,
. _ 470°C/17 h.
N
’ c1 KF —>»
N 420°/221 h,
N
c1 —
310 °C/15 h.
N
c1 .
N KF
{ —
N 200°C
' C1l

In all of these reactions, the material isclated from the autoclave contains
some uncompletely fluorinated substances; but the perfluoroheterocyclic
compound may be obtained pure by distillation. The temperature of the
reaction is highly critical in the preparation of hexafluorophthalazine

because, if it is much higher than 260 C, extensive decomposition occurs

wvhile, if it is much lower than 290°C’ then fluorination is not nearly
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completed, It is apparent that complicating side reactions can occur and
that the fluorination of other perchlorinated systems by this method may

ﬁresent considerable difficulties,

3.2 Nucleophilic Substitution Reactions

A, Chlorinated Carbocyclic Aromatic Compounds

(i) Chlorobenzenes. Hexachlorobenzene has been known to be a quite

inert compound for a long time but it has more recently been shown to undergo

nucleophilic substitution, and especially readily if pyridine is used as

MezNH

solvent.95 Some of the reactions which have been observed‘are shown below,
. _ OMe
. ' MeO /pyridine_ - c1
Brief reflux ~ :

. SPh

_ PhS”/pyridine )
: Brief reflux

" NMe2

160°c/% n.
Sealed autoclave

The orientation of disubstitution seems to be ﬁuite &ariable and is
further compiicated by the tendency of the first substituent to be replaced,
rather than chlorine, For éxample, pentachloronitrobenzene reacts with
agueous ammonia to replace the nitro group, or to give ortho or para
substitution, with the replacement of the substituent accounting for 60%
of the reaction.9

NH NO NO

2 2 2
NH_/H_O gﬂ’jL\ NH,
—:3—2559 C1 o Ci 4
200°C | o
NH



Pentachloroaniline; however, gives exclusjvely meta substitution with

97

6
methylamine9 or with methoxide ion,
H .
N k NH2

Me\H
— 2

NHMe

M eO

Reaction of methoxide ion with pentachloroanisole produces some of all three

possible disubstituted products.97
OMe OMe CMe
OMe
OMe
) , . OMe
65% 26% 7%

The-ori_entation of sub-stitution in pentachlorobenzene is particularly
interesting, ‘if rati_onalisations ‘of orienfation patterns are to be lllaqé.
With a range of nucleophiles, substitution of pentachlorobenzene occurs
mainly in the para position with ammonia giving 52% para substitution,

and methoxide ion giving almost exclusive para substitution.99

H H H H
: NH
NH 2
_—3 5. + c1 +
o]
250 C¢/5 h.
N NH
2
NHy _ _
52% 32% ' 16%
MeO
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(ii) Chloronaphthalenes. The reactions of octachloronaphthalene

have not been very thoroughly examined but, like hexachlorobenzene, it seems

to e quite resistant to nucleophilic attack, and the only reactions which

have been reportéd involve bidentate attack at the peri positions, The

first reaction of this type used sodium disulphidé as reagent100 and led

to the isolation of 2,3,4,5,6,7-hexachloronaphtho[1,8-cd]~1,2-dithiole,
Klingsberg has extended this work to prepare this same.cdmpound,.2,3,6,7m
tetrachloronaphtho[l,8~cd:Q,S-c'd']bis[l,z]ditﬁiole and 2,3 4,5,6,7~hexachloro-
naphtho[1,8-cd]-1,2-diselenole by reaction of octachloroﬁaphthalene with

. . 101
sodium disulphide, elemental sulphur, and elemental selenium, respectively, 1

: _ S S
-,
322"/Ethanol e
1 €1 Reflux 2 h, = ¢l
~
S S
Cl . Cl
s -~
Cl1 > py >
310-320 C/15 m. c1 c1
: S-—m——3
Se —— Se
l —=——> c1
P 335-340°C/7 h.
B. Chlorinated Heterocyclic Aromatic Compounds
(i) Chloropyridines. Pentachloropyridine will undergo nucleophilic

substitution with a wide range of nucleophiles in the 2- and 4-positions

and the relative smounts of the two products, for a range of nucleophiles,


http://nucleophiJ.es

102

are shown in Table 1-1.
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Egple 1-1

Reactions of Pentachloropyridine with Various Nucleophiles

Nucleophile

NH3
Me NH
Et,NH
MeO™
Et0”

nBu0

As the nucleophile size increases, the relative amount of the 2-substituted
compdund also increases, indicating that steric effects are important but
that, in their absence, L-substitution is considerably more favoured than
2-substitution. Further substitution of these monosubstituted materials

has been investigated102

2,4~disubstituted pyridines.

give both 2 4~ and 2,6-disubstituted pyridines and the relative amount of

Solvent . Ratio of 4:2
EtOH 70:30

EtOH 20:80 )
EtOH 1:99

MeOH 85115

EtOH 63:35

nBuOH 57:43

and 4-substituted pyridines react to give only

2-Substituted pyridines, however, react to

2,6-disubstitution increases with the size of the nucleophile.

The nature of the solvent can also influence orientation for, in

benzene as solvent, the reaction between pentachloropyridine and dimethyl-

amine gives exclusively 2-substitutioen whereas, in ethanol as solvent, both

2- and l-substitution occurs.

C1

N

Cl

Me NI
e2 H

Benzene”

MezNH

———S
Ethanol

C1
NMe

L§§C1
N'/ 'NMe2

66%
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This type of soivént effect has been found to be quite genzral for any
fairly bulky aliphatic amine,

As with pentachlorobenzene derivatives, substitution in tetrachloro-
pyridine derivatives can lead to the substituent being replaced. For
exémple, both tetrachloro-2-nitropyridine and tetrachloro-A-nitropyridine
react with a variety of nucleophiles to replace the nitro group, rather

. 10 -
than a chlorine atom. &

(ii) Chlorodiazines. Tetrachleoropyridazine reacts with ammonia or

hydroxide ion to give substitution only in the 4~position.105

NH,_/Ethanol
c1 3 -
N 35-40°C/% h.
N ~0H/ HZO
Cl [] ->
N

However, it seems that steric factors can be important because when a larger

nucleophile; such as trimethylamine, is used, substitution occurs in the

3- and 6-positions to givz quaternary ammonium salts which lose methyl

chloride and produce'B-dimethylaminotrichloropyridazine.and 3,6=bis-

106
(dimethylamino)dichloropyridazine,

NMe,, NMe,,

' . c1
N Me3N N MeBN ) N
€1 I Benzene>' 1 Il Benzene ”
N . N 17 N
NMe2

Early work on the nucleophilic substitution of tetrachloropyrimidine by

amines enabled a disubstituted product to be isolated, but its structure was

. . s 10 . s s . .
not jdentified, 7 It has now been shown that i1t is possible to isolate a
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monosubstituted cumpound and that substitution occurs in the 4- and 6-

- 1C
positions,

N <N~ C1
\n MeNH,, MeNH,,
C1 —_— —_—
N Acetone Acetone N

NHMe

In the case of_tetrachloropyrazine there-is, of course, only one
position in whigh monosubstitution can occur, Recent experiments suggest
that, when disubstitution is achieved, .small nucleopﬁiles give 2,3-
disubstituted pyrazines, whereas larger nucleohiles give Z,G-disubstituted

s 109
pyrazines,

C. Theoretical Aspects

(i) General Points. Any theoretical investigation of the mechanism

of nucleophilic substitution in chlorinated aromatic compounds should be
able to rationalise two main facfs. The first is why highly chlorinated
compounds are generally much less reactive than the correspconding highly
fluorinated compounds, and the second is why subs{itution occurs at
particular fing positiops. ‘

It is clear that, if theserbservations are tolhe understood, the reaction
mechanism must be known, and this is believed to involve a O-bonded
intermediate so that, for hexachlorobenzene, the mechanism may be-

represented as:

Nuc

" Nuc

c1 —e 5

wherre Nuc™ is a general nucleophile, Tt is thought that the first step is
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rate determining so that the energy profile of the reaction may be

represented as below, passing through iwo transition states and the

intermediate,

Potential o Tran51ﬁlo§ States

Energy

Intermediate Complex

Reactants

~=-Products

Reaction Co-ordinate

The heiéht of the énergy barrier, L, between the reactant and the first
transition state, which is known as the localisation energy, will be
criticai in determining the ease of reaction, so it is important to
understand the nature of the transition state, It is normally taken to bé
quite simila; to the intermédiate in which the .simple valence bond
descriptions indicate that chafgé is equusively on the positions ortho and

para to the point of substitution.
Nuc . Cl Nuc Cl Nuc
Ci '/Cl C1 Cl Ci -
- e J <>

Cl 7 C1 Cl: r C1 Cl-

C1
C1 C1

. 5 110
This charge distribution is confirmed by molecular orbital calculations.

It must be remembered that this is not the only way that a nucleophile
might react with an arcmatic system, and the reaction of iodo-2-nitrobenzene

with bulky amines, such as 2-methylpiperidine, which gives reductive de-



iodination, as well as substitution,111 illustrates this.

I
Me -
NO2 T N02 N Me
H 4
____1;_€>_ .
100 C NO2

In this case, it has been proposed111 that the mechanism involves donation
of an electron to the aromatic ring, giving a radical anion, loss of icdide

ion, giving a phenyl radical, and hydrogen abstraction by this radical.

1N - . N .
1\02 _ Or’. /\, NO,,
- ' " —_— —> &
Me
. > \ .

N Me NO

Vv

(ii) Reacti#ity of Chlorinated Compounds. The low reactivity of

hexachlorobgnzene, when compared to hexafluorobeﬁzene, or of pentachlero-
pyridine, when compared to pentafluoropyridine, might be thought to be
caused by the greater electrgn withdrawing power of fluorine atoms reducing
the energy of the negatively charged transition state; in the case of
fluorine compounds, However, it is a general observation in aromatic
systems thaf a carbon to fluorine bond is much more readily attacked by
nucleophiles than a carbon to chlorine bond, and it seems likely that the
greater susceptibiiity of fluorine to displacement is the cause of the

greater reactivity of perfluorinated compourds,
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It is commonly thought that flueride ion is displaced more readily
than chloride because the carbon to fluorine bond is more polar, and the

carbon atom 'is therefore more positive and more open to nucleophilic attack.

(iii) Effect of Ring Nitrogen. An important effect of ring nitrogen

atoms is to activate the ring system to nucleophilic attack, sc that
pentachloropyridine is more reactive than hexachlorobenzene and pentafluoro-
pyridine is more reactive than hexafluorobenzeﬁe. This activation is
thought to arise from the electron accepting ch;racter of the nitrogen atom,
which will reduce the energy of the transition state; It might also be
thought that ring nitrogen atoms would influence the orientation of
substitutibn, and the relative ease of displacement of halogen f#om the
varioﬁs monohalo heterocycles should provide information on such an
influenée.

In-the case of pyridine, a wide range of nucleopﬁilic substitutipn
reactions of 2-chloropyridine and 4-chloropyridine has been reported, but
no.nucleophilic substitution reactions of 3-~chloropyridine occur.
Displacement from 2- and Q-positions, are illustrated by the conversicn of
2,4h-dichloropyridine to a mixture of Zwamino-&nchléropyridine and L-aminoc-2-

. . . ‘ ., 112
chloropyridine by reaction with ammonia.

c1 . c1 - . NH

NH
3 S

”~
. o
c1 170-180°C/5 h. Xy NHy C1

The effect of the ring nitrogen is therefore to activate the 2- and 4~

pdsitions of the pyridine ring to nucleophilic attack,.but‘the degree of
activation of the two ppsitions is quite similar, for this reaction gives
more substitution in the L.position, whereas the Tschitschibabin reaction

113

gives substitution at thc 2-position exciusively.
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In the case of pyridazine, it has been shown that 3-chloropyridazines
will undergo nucleophilic substitution readily, with a range of
. . . . 114 N _
nucleophiles, whereas A4-chloropyridazine will not. + TFor example, 3-

chloropyridazine is easily converted to 3-aminopyridazine by reaction with

ammcnia, whereas 4-chloropyridazine is much less reactive.

NH /\N

=4

]
l\.,
=

C1 NH o

In the case of pyrimidine, the reaction of 2 j4-dichlecropyrimidine with
methoxide ion, giving 2-chloro-4~methoxypyrimidine,115 illustrates that the

L.position is activated to nucleophilic attack by the ring nitrogen atoms,

N N

,/u\ ' =5 /Jl\

Table 1-2 compares the positions which reactions of the monohalo
compounds show ére activated to ﬁucleophilic attack by the ring nitrogen,
with the positions at which attack occurs in the perchlorinated nitrogen
heferocycles. It is apparent that except for tetrachloropyridazine these
positions are the same and that ring nitrogen is an impoftant influence on the
orientation-of substitution, as is believed to be the case for perfluorinated
nitrogen heterocycles, aithough the fluorine atoms also have an important

effect.29
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Table 1-?:

Comparison of Substitution Positions in Monchalo-

and Perchloro-heterocycles

Position(s) Which Ring Position(s) Where Attack Occurs in
Nitrogen Activates ' Perchlorinated Compounds

- | J -

@\\ | il w

C | 7
1\

)

N

2

z=2=
O
=
2=

1\

(iv) Effect of Substituents, The orienting influence arising from

the ring nitrogen leaves sowe experimental observations unexplained, notably
the preference of pentachlorobenzene to undergo nucleojiiilic attack in the
position para to the hydrogen atom, the considerabiy greatér reactivity of

the L-position, compared to the 2-position in pentachloropyridine, in the
absence of steric effects, ;nd the preferred reaction of tetrachloropyridazine
in the 4-position, This orientation is similar to that which has bheen
observed for pantafluorobenzene and pentafluoropyridihe, where it has recently
been proposed that nucleophilic substitution occurs so as ic maximise the
number of fluorine atoms ortho and meta to the position of subﬁtitution.116’117
Rate weasurements on fluorohydropyridines show thait a fluarine atom para to

the positicn of substitution is slightly destabilising relative to hydrogen

by a factor of 3,118 when ortha to the position of substituition fluurine is
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activating by a factor of 30,11 and when mata to the position of substitution

fluorine is activating by a factor of 23.119 The small efifect of a fluorine

atom in the para position is thought to be because, in the transition state,

destabilising electron pair repulsions are approximately balanced by electron

. 0 . s . .
wrl:hdrawal.12 The activating influence of an ortho fluorine cannot be

caused by stabilisation of the transition state but, rather, is believed to

~

arise from a polarisation of the ground state, increasing the positive

charge at the site of substitution as shown.1

Nuc F

\ 6+ 6_

- The activating influence ¢ a meta fluorine is thought io be due to the

-

stabilisation of the transition state by electron withdrawal as shown.12

There has been very little gomment on the orientation of nucleophilic
substitution in chlorinated compounds in the literature, but the influence
of chlorine, compared to fluorine in chlorofluoropyridines has been
measured.121 These results show that a chlorine atom ortho to the position
of substitution ié more activating than fluorine by a factor of about 3,
meta chlorine and fluorine are approxiﬁately equivalept, and that para
chlorine is mcore activating than fluorine by a factor of about 26, These
results are suﬁmarised in Table 1-3, which gives fatios of rate constants,
This table also shows the predicted influence of chlorine relative to
hydrogen in the three positions

, calculated by combining the other ratios,

but it would be desirable to have these ratios measured directly in
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chlorohydrepyridines, since the multiplication of the other ratios together
will also have multiplied the errors.

Table 1-3

Ratios of Rate Constants for Reactions of Pyridines

Subgtituted in Various Positions

Position kF/kli ke 1/kF k.CI/kH .
Ortho 30 _ 3 . 90
Meta 23 1 : .34
Para 1/3 26 9

‘Using these values it appears that, as with fluorine compounds,
nucleophilic substitution will occur in chlorine comgournis at the position
which maximises the number of chlorine atoms ortho or meta, but especially
ortho, to the position of substitutioen, This is in accord with the
observed orientation in pentachloropyridine and pentachlorobenzene, since,
in pentachloropyridine, when nucleophilic attack occurs in the L-position

there are two ortiho and two chlorine atoms, whereas when attack occurs in

Nuc : ‘
c1 ' c1
' c1 C1
Cl c1 Y
C1 N cr C1 c1
T\“'Nuc

the 2-position there are an ortho, iwo meta and one para chlorine atoms.
This approach can also rationalise the orientation of substitution in
tetrachloropyridazine which occurs preferentially in the L~position,

provided the nucleophile is not very large,




c1 . c1
C1 Cl "
N
IL il
Cl A N Cl §§§T/’N
Nuc™ c1 c1

When attack occurs in the 4-position theie are two ortho and one mecta
chlorine atoms, whereas when attack occurs in fhg 3-position the}e are
one ortho, one meta and one para chlorine atoms. The magnitude of this
influence, in this case, is presumably sufficient to overcome the influence
of the ring nitrogen atom which makes the 3-position more susceptible to
attack, although probably not by a very large amount.

Substituents other than chlorine can alter the cric.tation in a way
which will depend upon whether they are electron withdrawing or electiron

donating.

3.3 Basicities

There have been very few measurements reported on the basicities of
perchlorinated heterocyclic nitrogen compounds. However, the base
strengths of various chli:inated pyridines have been guantitatively
measured by a spectroscopic method,-using sulphuric'acid as the protonating

agent.122 ‘The observed pKa values are given in Table 1-i.

Table 1.4

Basicities of Chlorinated Pyridines

Compound pKa
3,5-Dichloropyridine c-75 + 0-03
2,3-Dichloropyridine .0-85 & 0.01
2,6-Dichloropyridine 286 £ 0-02
2,3,S,G-Tetrachloropyridine =550 & 0.02 -

Pentachloropyridine ~6:02 = 0.02
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When compared with the value for pyridine itself,lz3 which is +5-2, it is
apparent that substitution of chlorirne intoe a heteroccyclic nitrqgen system
reduces the base strength considerably, but to an extent which depends upon
the position of substitution. For example, chlorine atoms substituted in
the positions ortho to the nitrogen atom of pyridine reduce the base
strength more than chlorine atoms substituted in the meta positions, It
is not difficult to postulate a reason for this observed reduct;on in base
strength. The electron withdrawing nature of the substituted chlorine
atoms will reduce the lone pair electron densily on the nitrogen atom, and
so reduce the base strength of the molecule, This effect will be greatest
when the substituent is in the positions ortho to the nitrogen atom.

Since fluorine is more electron withdrawing than chlorine, it might
be expected that pentaflucropyridine would be even less basic than pentaw_
chloropyridine and crude measureménts confirm this prediction, giving a pKa

12k, 125

value of about -11, This is a very low value and early experiments

on pentafluoropyridine indicated that it was effectively non-.basic.1’95’126’127
More recently it has been possible to isolate hexafiuoroantimonate salts of

a variety of perfluorinated'hetefocyclic nitrogen compounds, iﬁcluding
pentafluoroﬁyridine, and the order of basicity of the perfluorinated nitrogen

. I 12
heterocycles has been deduced by n.m.r, measurements.izk’1 8

These show

that the basicity is largely determined by the number of.fluorine atoms ortho

to the nitrégen atom ~ the fewer ortho fluorine atoms there are, the

greéter is the basicity. Thus tetrafluoropyridazine is more basic than
tetrafluoropyrimidine and heptafluoroquinoline is more basic than heptafluoroiso-
quinoline. This type of effect would also be expected in the perchlorinated
nitrogen heterocycles.

The base strength has been found to parallel the reactivity in certain

reactionsy For example, pentafluorcpyridine, bheptafluorcquinoline and



heptafluoroisoquinoline have been found to react with gaseous hydrogen
. . ! . " . . 129 s
chloride in sulpholana solution, to replace fluorine by chlorine. This

is bhelieved to occur via protonation.

Cl

N~
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The order of reactivity is heptafluoroquinoline > > > heptafluoroiso-
quinoline = pentafiuoropyridine, which ﬁarallels the order of base strength.
The base strength also parallels the ease of acid hydrolysis, for
heptafluoroquinoliné is hydrolysed by aqueous sulphuric acid to hexafluoro-
2-hydroxyquinoline, whereas heptafluoroisoquinoline and pentafluoropyridine

are unaffected.ljo

\

By analogy, perchloroheterocyclic comﬁounds would be expected to be

"more basic; and therefore more susceptible to acid induced reactions such as
hydrolysis, as the number of chlorine atoms ortho to the nitrogen is reduced.
However, the observation that heptachloroquinoline, which is presumably more
basic than heptafluoroquinoline, is unaffected by agueous sulphuric acid,iso

throvs considerable doubt upon this prediction, although this observation

was made frcom experiments at room temperature only.

3.4 Reactions with Organometallic Compounds

There has been a considerable amount of work carried out investigating
the reactions of highly chlorinated pyridines with orgruometallic reagents,
Most commonly, the reagent used is an alkyl lithium; The reaction normally
.occurs to give metal exchange with the production of a pyridyl lithium, and
the pyridyl lithium is normally identified by hydrolysing to the hydro
compound, The nature of the solvent has a profound effect on the reaction.
For example, when pentachloropyridine is reacted with-n-butyl lithium in
hydrocarbon solvents, such as methylcyclohexane, and then hydrolysed, 3,4,5,6a
tetrachloropyridine is isolated; when pentachloropyridine is reacted with
n-butyl lithium in diethyl ether, and then hydrolysed, 2’3,5,6~tetrachlorom

- . cas o 131,132
pyridine 1s obtained, '
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Mercury and magnesium derivatives have also been obtauined.nz’u3
For example, pentachloropyridine reacts with magnesium to give tetrachlorec-

Lk-pyridyl magnesium chloride, as shown by reacting this with chlorotrimethyl-

133

silane,
MgC1l Si(CH.).
g 30y

0O
cL Mg/-10C

Py
=

tetrahydrofuran

131
Copper derivatives of pentachloropyridine have also been reported.lj&
They have been prepared by reacting tetrachloro-L-pyridyl 1ithium with

cuprous chloride and they will react with trifluoroiodoethylene to displace

iodine,
F C=CFI
' strahy ;
c1 CuCl/teor.—,m)drofuran> c1 2 c1
-70°C/20 h.

N N N

In the hydrocarbon series, a whole range of silicon and tin derivatives
has been prepared by reaction of pentachlorophenylmzgnesium chloride with

135,136

silanes and stannanes.

/ - MgCl.

[ SiCll

ci1 J —E (c,C1_) SiCl1
el

[:, J TUF/20°C E75t2

o
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Tetrachloro-2-pyridyl derivatives generally reaclt with n-butyl lithium in the

137

same way to give metallation at the A4-position.

: H

Li
: C1 C1
. H_O
@\ nBuLi N c1 2 —

_This reaction has been shown to occur where R is methoxy, dimethylamino,

© piperidino or pyrrolidino.
This metallation reaction which occurs with pentachloropyridine is in
marked contrast to the reaction between alkyl lithiums and perfluorinated

nitrogen heterocycles, where alkylation occurs, For example, pentafluoro-

. 2. 12,
pyridine reacts with phenyl lithium to give tetrafluoro-i4-phenylpyridine. 6

Ph

PhLi/Ether
Refiux



The chlerinated pyridyl lithiums are reascnably stable, even at room

temperature, but there is evidence that they can lose 1ithium chloride to

form transient pyridyne species.

more readily formed than trichloro-2-~pyridynes,

Trichloro-3~pyridynes seem to be much

138,139

For example, if

tetrachloro~-4-pyridyl lithium is hoiled in ether in the presence of any

methyl substituted benzene, 1,hk-addition products are obtained.

Li
'y +
c1 B011;ng e,heﬁ>
1
N
Re Ry
R R
5 3
RIt

All the R groups may be either methyl or hydrogen.

A corresponding reaction

for tetrachloro-2-pyridyl lithium only occurs with mesitylene, and in low

yield.

It has been possible to isolate

derive from 3-pyridyl lithiums.

furan adducts of 2-pyridynes which

Tetrachloro-l-piperidinopyridine reactis

with n-butyl lithium to give the‘3-pyridyl lithium which; on warming in the

present of furan forms an adduct of trichloro-L-piperidino-2.pyridyne,

N [::;::]
nBuLiE
Li
C1 C1
N N

It has been shown that this reaction occurs fer a

AR e
. 2. Lig ),
tetrachlorgpyridines,

140
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warm
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The R group may be dimethylamineo or pyrrolidino, as well as piperidino.

Tetrachloro-4-methoxypyridine reacts with alkyl lithiums in a manner

wvhich depends on the alkyl group. With t-butyl lithium the reaction

proceeds as ahove, via the 3-pyridyl 1

OMe

@ tBuLi @/ warm i /[]

However, with phenyl lithium, alkylati

then in the positions ortho to the nit

@ _PhLi, @ PhLi

A corresponding reaction occurs with 4
aminophenyl lithium, and 4-trifluorome

Phenyl lithium has been found to

‘e ' . 142
ithium and the 2-pyridyne,

OMe

on occurs, first in the L-position and

143

rogen atom,

1 [iiék\ll PhL1

-methoxyphenyl lithium, A-dimethyl.
143 »

thylphenyl lithium.

react with pentachloropyridine to

give octachloro-4 ,4'-bipyridine, presumably by reaction of tetrachloro-

L-pyridyl lithium with unreacted pentachlorc}py‘ridine.14[t
c1 Ph? > N C1 CL N
-70°C
N tetrahydrofuran

Tetrachlcro-/-pyridyl derivatives,

sulphur, have also been reacted with n

where the substituted group contains

Ls L
~hutyl 1li thlum. 143,1 16 Tetrachloro-~



L-mercaptopyridine reacts to give metallation at the 2- and 3-positions,

as shown by the products of hydrolysis.

SH SH
H
nBul.i
1 + C1
11) H O )
2 N H
20% 30%

The methylated thioether, however gives largely substitution, or even
metallation, at the 4-position so that L-n-butyltetrachloropyridine and

2,3,5,6-tetrachlor0pyridine are produced.

SMe nBu
1 :B8L1> Cl +
0
\ N

A heptachlorobipyridyl lithium has also been prepared by reaction of

147

L 4'-octachlorobipyridyl with n-butyl lithium in diethyl ether, The

identity of this organometallic reagent is revealed by hydrolysing it.

N TN N . N

Ccl1 _ ‘ c1 . (o]
. H_O
nBle S 2~ .
-75C Li H
1 diethyl ether c1 c1
N N N

If the lithium compound is warmed in the presence of 1,4-bis-isopropylbenzene,

an adduct of the aryne . is producéd.

iPr
N~ A
C1
iPr > iPr
warm
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There has been virtually no work done on the reactions of other
chlorinated heteroaromatic systems of nitrogen with organcmetallic reagents.
It has been found that tetrachloropyrazine tends not to react like |
pentachloropyridine‘to give metallaticn, but rather to give alkylation.68
Thus methyl lithium and phenyl lithium react to give trichloromethylpyvrazine

and trichlorophenylpyrazine, respectively,

N N Me
N N N~
N N Ph
c1 —PhLi c1
N X

When tetrachloropyrazine is treated with n-butyl lithium, however K no
recognizable products are obtained.

In general, it seems that the reactions of perchlorinated heteroaromatic
compounds containing nitrogen with crganometallic reagents are rather

complicated and not properly understood.

3.5 Perchlorinated N-Oxides ‘
It is difficult to oxidise a nitrogen atom in a perchlorinated
heterocyclic compound to give the N-oxide, presumably because of its

low basicit&. Following the observation that trifluoroperacetic acid

148

oxidises 2,6-dichlorepyridine in good yield, this reagent has been used

. . . 104 14
to oxidise pentachloropyridine, in yields of only about 20%. +, 149

-~

CF_CO_H/H O .
C1 3 2 22 _ Cl

R "~ 50%/5 h.

O &~ 2



Not surprisingly, pentachloropyridine-i-.oxide has been found to be

more susceptible to nucleophilic attack than pentachloropyridine itself

[}
and attack occurs only in the 2- and 6-positions.1ok

For example, it

reacts with piperidine to give trichloro-2,6~dipiperidinopyridine-1-oxide

C1

=z

T
b4

/
zZ

C1

8
(]
O
A 4
OCe-=
/

N
y
0

Also, pentachloropyridine-i-oxide will react with Grignard reagents,
in contrast to pentachloropyridine itself, Since the N-oxides can be de-

oxygenated with phosphoryl chloride, this provides a corvenient route to

tetrachloro-2-methylpyridine and trichloro-z,6~dimethy1pyridine.150
o1 MeMgI o1 MeMogI | CI/D\
20°C - 20 C LR
ether Me ether Me N Me

C€—=

NA
¢ |
v .
4] (0)
PCl : PC1
[ [
N Me . Me XN Me
As noted earlier, trifluoroperacetic acid only converts pentachloro-
pyridine to its N-oxide in yields of about 20%. Chivers and Suschitzky
have developed two new reagents for oxidising perchloroheteroaromatic
.. 151,152 . .. .
compounds on the heterocyclic nitrogen atom. The first reagent is
a mixture of acetic acid, concentrated sulphuric acid and 90% hydrogen

eroxides the second reagent is a mixture of trifluoroacetic acid
P j ’




concentrated sulphuric acid and 90% hydrogen peroxide, These reagents
have been used to prepare pentachloropyridine.-i-oxide in 85% yield, as well

as N-oxides of tetrachlorocpyrazine and octachloro-4 4'~bipyridine.

Reagent I
——————,

c1 = C1

20 C/48 h,
N \ji

0 0

N N_ }E
c1 Riage"t 1, Cc1 4 c1

20°C/ 18 h. ' N
N _

o=
C&—=

56% L+ 5%

0]
N t
N
C1
Rgagent I[> +
20°¢/72 h,
Cl Cl
N N
L .i - &
0] 0
30% ' 20%
These reagents.are not universally applicable, however. Tetrachloro~

pyridazine, heptachloroquineline, heptachloroisoquinoline and hexachlore-
cinnoline give no reaction unless the mixture is heated, and then hydrolysis
occurs, There is some evidence that tetrachloropyrimidine may be

converted to the 1-oxide, but the results were not reproducible.

3.6 Pyrolysis and Photolysis Reactions

The photolysis of perchlorinated aromatic systems has net been much

investigated and the mest common reaction seems to invoive breakage cf the




carbon to chlorine bonds homolytically. Photelysis of pentachloropyridine
with a medium pressure mercury lamp, in benzenc solution produces tetrachloro-

Lk-phenylpyridine, and in a range of other solvents the major product is

2,3,5,6-tetrachlofo§yridine.153 )
Ph
c1 u.v, s> c1 -
g . benzene )
N N
-
c1 L > c1
dioxan
N diethyl ether N

cyclohexane

The photolysis of pentachloropyridine-~l-oxide in carben tetrachloride gives

. [
a completely different react:i.o:.'n,i"‘3 because, as well as producing penta..
chloropyridine, ring opening occurs to give pentachleorobutadienyl~1-isocyanate

and there is considerable degradation.

c1
- ’ ‘ c1 C1
' - C1 Ve c1 | N
CC1 ; * C1
b () P
. E N NCO

o

There has been one report of a rearrangement reaction occurring by the

- 154

photolysis of a perchloroheterocaromatic system, and this was the
conversion of tetrachloropyridazine to tetrachloropyrazine by photolysis in

inert solvents.

Z

C).

|

/

“N



Attempts to repeat this reaction under a variety of conditiecns, howe#er,

have given very poor yields of tetrachloropyrazine and extensive

i 1
deconiposition, 35

Despite this, the last rearrangement reaction suggests that perchloro-

heterocyclic compounds may be as versatile as perfluoroheterocyclic

“

compounds in undergoing a wide range of photochemically initiated

rearrangements,

Typical of these are the isomerisation of tetrafluoro-

pyridazine to tetrafluoropyrazine and Gf_difluofo=4,S“bis(heptafluorom

isopropyl)pyridazine to difluoro-2,5-bis(heptafluoroisopropyl)pyrazine,

. . . 156
under the influence of light from a medium pressure mercury laap. ™~

N,
u, Vv, N P
‘\{N
N
u.vz%> CF : r
\_'3\ )
Ccr N
CF
3

.
The mechanism of these rearrangements is unclear, but diaza dewar benzenes

157

have been isolated.

Pyrolyses which have been most studied are those where two nitrogens

are next to one another in a chlorinated heterocyclic ring.

reaction can proceed in two ways,

Generally,

First, loss of nitrogen can occur, and

this is what happens with hexachlorocinnoline where the resulting di-radical

undergoes a rearrangement to give héxachlorophenylacetylene in 37% yield.,

c1 C1
Cl\ﬁgfﬁ’ (//l§§§¢/C1
! ]
c1~i§;\ '

Cl

158

. AL3CCL
C1 ,

A
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Secondly, the nitrogen to nitrogen bond may break with loss of chlorine
] 1]

so that a dinitrile is produced. This is what is observed with hexachloro-
o . . . o 158
phthalazine, tetrachloro-1,2-dicyanobenzene being formed in 92% yield.
. Z CN
N C
cL | — 112 C 5 c1
' N -Cl1

2 CN

~

The pyrolysis of tetrachloropyridazine itself is more complex because
- both of these two processes occur and the majer products are hexachloro-
butadiene, tetrachlorcethylene, hexzachlorobenzene and both isomers of 1,2.

158

dichlorodicyanoethylene, The transformations which it is proposed occur

in this reaction, are as shown below.

Cl [
N o 4 . .
. C = -CC1==CC CC1 _=CC
0:-3% Cl2 CCl1-CC1=C 12 + 12 l2
{cien 30% 10%
“C1 Cl
. : /
Cl d
c1 . / N
Dimerise or trimerise - '
> C_Cl_CCl=CC1l + C1
' S 65 2
-
C1 . \\\\\\\\\\\\ ( _ 0+5%
. - -C .
L c,C1, 1,) , — 0- 2%
' A
Na. ‘ CH
CL | 5% ‘ 1%

' C1 CN C1. CN
c,c1, \‘f:cl w1,
C1(CN)C=C(CN)C1 —_— e —_—
€ - hal

_ cr , ™ CN Ci
- 10% ; Ny
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CHAFTER II

Syntheses of Some Perchloroheterocyclic Compounds Containing Nitrogen

1. "Introduction

1.1 Ring Systems, Numbering and Nomenclature

Three tricyclic ring systems containing one nitrogen atom were

.investigated and they were the systems shown below:

These compounds are norwally known as acridine, phenanthiridine and 7,8-_
benzoquinoline, respectively.
Today acridine is always numbered as shown below, with the nitrogen

atom in the 10~position, and most publications on acridines use this

numbering system:

Like anthracene, the 9,10 positions are particulary reactive, and acridine
may be partially reduced across the 9- and 10-positions to give a

dihydroacridine, which is known as acridan,




Acridine may also be oxidised to a ketone; commonly known as acridone but
more properly called 9-acridanone,

0
I

AN

H -

The correct numbering system for phenanthridine places the nitrogen

atom in the 5-position, as shown:

However, an earlier numbering scheme in which the nitrogen atom is in the
10-position, is frequently used in the literature, as shown below, and

care must be taken to avoid confusion.

8 9

Like acridine, phenanthridine may be reduced or oxidised to give the
corresponding phenanthridaﬁ and G-phenanthridanone.

7,8-Benzoquinoline is naﬁ;d as a quinoline hecause in its properties
it closely resembles quinoline; tlowever, it is much better to describe it

as l-azaphenanthrene and use the numbering system shown:



It does not undergo oxidation or reduction in a way analogcus to acridine

or phenanthridine,

1.2 Early Work on Preparation of Halogenated Derivatives

A, Acridines

A wide range of acridines with a chlorine atom in the 9-position have
been synthesised, since a standard synthesis of the acridine ring system
involves cyclisation, and 9-chloroacridine itself is prepared from

s . . .. 159
diphenylamine-2-carboxylic acid.

HOOC
POC1
Refiux>
N
H .

.

Acridine itself may be brominated with N-bromosuc=inimide, in boiling
carbon tetrachloride and in the presence of benzoyl-peroxide, to give a

. . o . 160

range of monobrome- and dibromo-acridines, as well as other compounds.

The product of elemental bromination depends on the nature of the selvent,
. e " 161 . .

and can arise from substitution or addition, In carbon tetrachloride

solution, addition occurs to give 10-bromoacridinium bromide, but in acetic

acid a mixture of 2~bromoacridine and 2,7-dibrcmoacridine is producced.

/‘
Br_/CC1. F/\ i
—2
NN Z - . ™~ 1\'+ N v//
|

Br Br~



Br
Brz/CHBCOOH _

Reflux 3 h, ///\\;44§J
N N

Br Br

In the case of fluorinated acridines, a whole range of lowly fluorinated.

compounds has been prepared by cyclisations of suitable diphenylamine-2-

. . 162 . as .
carboxylic acids. 1,2,3,4-Tetrafluoroacridine has been prepared in

several stages as shown in Figure 2-1, starting from 2,3,4,5 6-pentafluoro-

2'-nitrodiphenylmethanol.163'
FIGURE 2.1
H OH 0
Cr0_/CH_COOH
02N 02N
Zn/NHLtC]_/EtOH
C. .

o 0°c/1}% h.
.250°C/15 m.
\ .

N ~F

s

POC1
3

Reflux 4 h,

C1
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1,2,3,4-Tetrafluore~9-niethyl acridine has heen obtained by reaction between

L
aniline and pentafluorophenylmethyl ketone,161

. . J
Q} th ?g

Cc
~
CH
3

Nﬂo

Halogenated 9-acridanones are geqerally more widely known than
halogenated acridines, probably because.acridines with a 9-~halogen atom
are easily hydrolysed to the 9-acridanone, especially when there are other
halogen atoms present. When 9-acridanone is treated with elemcntal
bromine ih acetic acid solution, 2,7-dibromo-9—acridanone, or 2,4,5,7-

tetrabromo~9-acridanone may be isolated, depending upon the severity of

the conditions used.165
(6]
Br Br
o Bl“z/CH3000H _ 1;1
Refiux 10 m, H
e
N Br /CH_COOH
| 4 3
H Reflux
18-24 h,
N 0
Br Br
/
Y
Br H ©  Br

Similar results are obtained when 9.acridanone is reacted with elemental

. 67
chlorine, but generally milder conditions are needed,166’1)‘



- 65 -

1,2,3,4,5,6=7,8-0ctachloro-9-acridanone haé been prepared in two ways.
As already mentioned, it may be prepared by the direct chlorination of
9-~acridanone with antimony pentachloride.lk8 The diazotisation of tetra-
chloroanthranilic acid in acetic acid solution produces 1,2,3,4,5,6,7,8-

. . . 6
-octachloro-9-acridanone in low yield, together with other compounds.1 8

o} C1
' o c
/ COOH N aN02 COOH 1
N l CHBCOOHE . CL | + 1
1
NH,, N , N C1
. | [
© H . H C1

1,2,3,4,5,6,7,8~0ctafluoro-9-adridanone has also been prepared in two
ways and the first is analogous to the diazotisation method described above,

169

although a separate cyclisation step is required, ™

. r .
. COOH N N COOH o F
F . i1azotise > 5
NH,, r'q F
: ' . H F

The second method reported is the electrochemical oxidation of 2-

170

aminononafluorohenzophenc::e,

It is apparent that no exhaustive halogenation of écridine, as opposed to
" 9-acridanone, has been reported, nor have any very highly halogenated
acridines been prepared, Because of its ready availability, 9-chloroacridine
seems to be tﬁe most convenient starting material for any attempted
synthesis of highly chlorinated acridines by the direct chlorinaticn of the

acridine ring systen,



B, Phenanthridines

No highly halogenated phepanthridines have been reported, nor has any

work been described on the halogenation of this ring system. 6-Chloro-

phenanthridine, like 9+chloroacridine; is quite well known and is prepared

171

" ‘from 6-phenanthridancne.

POC1_/Reflux
3 N
Dimethylaniline”

This seems to be the most suitable starting material for an exhaustive

chlorination of the phenanthridine iring systen.,

C.. 7.8-Benzoquinolines

No highly halogenated 7,8~benzoquinolines have been reperted nor has

any direct halogenation of the ring system been carried out.

2, Preparation of Starting Materials

2.1 9.Chloroacridine

This was the starting material chosen for the attempted preparation of

nonachloroacridine by the direct chlorination of the acridine ring system,

A, Preparation of 9-Chloroacridine from 9--Acridanone

This conversion was carried out by using ?hosphoryl chloride as reagent,

172

in a procedure similar to that of Graebe .and Lagodzinski, the mechanism of

173

which has been investigated by Drozdov, Initially very pocr results
were obtained, but the addition of a small amount of mineral acid enabled good

yields to be achieveag.

oy

\\ POC1_/H_SO

3Ry
Refllux/3 .b.

N
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B. Preparation of 9-Chloroacridine from Diphenylamine-2.-carboxylic Acid

This was the method most commonly used for the synthesis of ¢~

15

e

chloroacridine and it followed the method of Magidson and Grigorowski,

. l
which has been improved by Albert and Ritchie.17£

Phosphoryl chloride
was the reagent, but again it was found that a small amount of mineral acid

was necessary for good results to be obtained

o C1
COOH - )
POC1_/H_S N
1,/H,50,
Refiux 3 h.
N~ N N

] | ‘
H

C. Preparation of Diphenylamine-2-carboxylic 4:id

This was prepared by an Ullmann condensation reactiun17) batween
aniline and 2-chlorobenzoic acid, in the presence of base and with a ccpper
catalyst. Originally the reaction was carried out in iso=amyl alcohol as
solvent but this was not very satisfactory and the procedure of Allen and

176 . . . . . Lo
McKee, in which the reaction is carried out in excess aniline, was

adopted. Potassium carbonate . was used as the base and cupric oxide as

COOH Cu0/K CO _COOH <
+ 2_Jy
Reflu§72 1,
J o
C1, HN \ ] N P /

catalyst,

H

2,2  6-Chlorophenanthridine
This was prepared from diphenic acid, which was first converted to

6-phenanthridanone in three stages, following the procedure of Oyster and

177

Adkins. G«Chlorophenanthridine was then prepared from G-phenanthridanone

; o . 1
tr the methed of Badger, Seidler and Thomsen.
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A, Preparation of Diphenic Anhydride from Diphenic Acid

This conversion was achieved simply by heating with acetic anhiydride.

N (CH_CO) 2o

2 >

COOH 120°¢/1% h.

C§§0
COOH C.o /_

~
o// 0

B. Preparation of Diphenamic Acid from Diphenic Anhydride

This conversion was achieved simply by heating with ammonia and then

acidifying.

NH

3 HC1 ey,
——— ——n
Reflux

" CN
COOH

S
~o

(@]
O\

C. Preparation of 6-Phenanthridanone from Diphenamic Acid

This cyclisation reaction was carried out in a reaction which
presumably involves hydrolysis to amide and then amine, followed by nitrene

formation, by treatment with bromine in alkaline solution,

B r‘z 7 .
—_—s
CN ' OH™ N
~cood "Ny
0 .
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D, Preparation of 6-Chlorophenanthridine from 6-Phenanthridancne

171

The method used was that described in the literature in which
phosphoryl chloride is used as the reagent, in the presence of some N,N-

dimethylaniline, A small amount of mineral acid was also added in an

atteﬁpt to improve the yields.

5
POC1 3/1.. 2so L\

h Y
N,N-dimethylaniline”
Reflux/3 h,

=
hY

3. Chlorination Reactions

3.1 Chlorination of 9-Chloroacridine

Since all the unchlorinated positions of 9-chloroacridine are in
carboéyclic rings, and elemental chlorination with aluminium chloride as
catalyst occurs particularly in carbocyclic positions, jt might be expected
that this method of chlorination would allow nonachloroacridine to he
obtained from 9-chloroacridine iﬁ one step.

It waslfound that, provided-the reaction time was long enough and the
teﬁperature high enough, complete chlorination did indeed occur, and it

was possible to use very varying amounts of chlorine.

c1 c1
= -190°¢/¢
N/ 120-190 C/96 h. . N N

The major difficulty encountered was the ease of hydrolysis of the

product to octachloro-9-acridanone, and in early reactions the hydrolysed

naterial formed all, or the’'majority, of the product. This problem vias
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overcome by dissolving the resjidue of the chlorination, which was a complex
between monachleroacridine and aluminium chloride, in dry chloroform and
then adding dry wmethanol. This caused the complex to be broken down and
nonachloroacridine was precipitated, since it is much less soluble in
chloroform than its complex with aluminium Ehloride.. The mixed chlorides

and methoxides of aluminium remained in solution,

3.2 Chlorination of 6-Chlorophenanthridine

Like 9—ch10roacridine, all the unchiorinated positicns of G-chloro-
phenanthridine are carbocyclic, and elemental chlorination, with aluminium
chloride as catalyst, gave complete conversion to nonachlorophenanthridine,

provided the conditions were made sufficiently forcing.,

Z Z
m/u
A1c:13/<:12 -
N 120-190°C/98 h,’ N
' c1

The same method of avoiding hydrolysis was used as for the acridine ring

Ci

system, but:simpler methods were not tried first to see whether the hydrolysis
occurred as éasily as witn acridines. It was necessary to be particularly
careful to keep the mixture of chloroform solution and methanol cool, to

prevent ﬁethanol reacting with nonochlorophenanthridine, giving octachloro-

6-methoxyphenanthiidine.

3.3 Chlorination of 7,8-Benznquinoline

A, Aluminium Chloride Catalysed Llemental Chiorination

Unlike 9-chloroacridine and 6-chlorophenanthridine, 7,8—bénzoquinoline
has three unchlorinated positions in a heterocyclic ring, so aluminium
chloride ecatalysed chlorination weuld not be expected to replace all the

hydrogen atoms in 7;8~benzoquinoline by chlorine. Under the vigorous
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conditions used for the complete chlorination of 6-chlorophenanthridine
and 9-chloroacridine, a mixture of mostly hexachloro-7,8~benzoquinoline
and pentachloro-?,8—benzoquinoline was obtained from 7,8mbenzoquinoline.

Presumably chlorination only occurs in the carbocyclic rings.

A1013/012

S ~> + Less
140-180°C/96 h. . chlorinated
products

This product showed no evidence of susceptibility to hydrolysis and
could be separated from the complex with aluminium chloride simply by

adding to ice water.

B. FFurther Chlorination with Phosphorus Pentachloride

The further chlorination of the mixture obtained as in section A was
attempted by heating with phosphorus pentachloride in an autoclave. There
was considerable difficulty in finding the ﬁést suitable temperature for
lthe reaction, althOQgh it was eventuaily discovered that reaction at 370°C,

in a steel autoclave, gave nonachloro—?,8-benzoduinoline quite cleanly.

370°c/6 h.

PJoe
. I‘?\ v PC1

This product was also not susceptible tc hydrolysis and the phosphorus
compounds remaining at the end of the reaction could be removéd by
hydrolysis with ice-water.

Earlier it had been found that, with lower reaction temperatures an
octachlord-?,8~benzoquinoline was produced, suggesting that one of the hydrogen

atoms in the ring system is particularly difficuit to replace, but it is not



e 7n .

at all obvious which one this is,

With higher temperatures, or if a nickel-lined autoclave was used,
some chlorine was added to the ring system causing partial saturation.
The use of a steel autoclave, rather than a nickel-lined one, presumably
overcomes this problem because iron is a reagent for achieving de-

chlorinative aromatisation.




CHAPTER TTI

Properties of Some Perchloroheterocyclic Compounds Containing Nitrogen

1. Fluorination Reactions

The synthesis of fully fluorinated heterocyclic systems from the
correSpqnding fully chiorinated heterocyclic systems, by halogen exchange
reactions using potassium fluoride in an autoclave, has been shown to be
qui£e generally applicable, as mentioned.in Chaﬁter I, Thus tﬁe reaction
has been successful for pyridine, diazabenzenes, azanaphthalenes and
diazanaphthalenes, but before this work was begun it had not been applied

to tricyclic systems.

1.1 Fluorination of Nonachloroacridine

The fluorination of nonachloroacridine was attempted in a nickel-lined
autoclaQe, in the solid phase, using dry potassium fluoride as the reagent,
It was hoped that a simple halogen exchange reaction would occur so that
nonafluoroacridine could Ye isolated, In fact, virtually no success was
had with this reaction, even thoqgh a wide range of conditions and methods
of working up the residue wére used,

Unlike fluorinations of other pefchlorinated hetercaromatic nitrogen
compounds, such as pentachlor0pyridine,1 no fluorinated substrate could bhe
transferred ocut of the hot autoclave undér vacuum, but only low molecular
weight gaseg, and it was necessary to empty the autocclave and try to extract
a ﬂroduct from the residue b& some other means,

Vacuum sublimation of this residue, or extraction by a solvent, allowed
very small amounts of a mixture shown by its mass spectrum to be chloro-
fluoro-9uacridanones, particularly tetrachlcrotetrafluoro—9-acridanone, to
be obtained. . If the inorganic part of the residue was dissolved in water,

a black solid remained which was largely polymeric,
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There seem, therefore, to be at least two problems invelved in the
fluorination of nonachleroacridine, First, even under the mildest
conditions used, the ring system seems to be unstable and only very small
recoveries of tractable material were obtained, Secondly, with all the
work-up procedures used, any t;actable material remaining is converted to
the 9-aqridanone, indicating that a 9~fluorine atom is particularly
susceptible to hydrolysis. ,

Since nonachlorophenanthriding'is less suséeptible to hydrolysis than
nonachioroacridine (see section 2.2. below), the second of these problems'

might be absent in the fluorination of nonachlorophenathridine, so the

fluorination of nonachlorophenanthridine was investigated more extensively.
g y

1.2 Nonachlorophenauthridine

A, In a Solvent

Thé fluorination of nonachlorophenanthridine.by caesium fluoride in
sulpholane was gttempted, using quite varying reagent quantities and
temperatures, In all cases, water was used to separate the subsirate fiom
sulpholane and cacsium salts, and only hydrolysecd 6-phenanthridanones were
isolated. The degree of fluorination was variable, but never nearly
complete, even under the most vidorous conditions bossible in this sort of
solvent systeni, However, recovefies of material were quite good, indicating

that not much breakdown of the ring was occurring,

B, In the Solid Phase

The fluerination of nonachlorophenanthridine, with potassium fluoride
in an autoclave, was attempted under a range‘of'reaction conditions, including
quite low temperatures and short reaction times, | In no case wvas it
possible to transfer any substrate, under vacuum, out of the het autoclave,
and only low-molecular weight gaéses vere obtained in this way, so it was
necessary to open the autoclave and try to isolate material frowm the residue

in some other way.



In facts it was not possible to obtain any tractable material from any
reaction, indicating that extensive decomposition c¢f the phenanthridine ring
system occurred,

It seems that the acridine and pheranthridine ring systems have some
feature which makes them brealk down when solid phase fluorinaticns of their

perchlorinated derivatives are attémpted. It may be that this feature is
tﬁe presence of a heterocyclic, nitrogen containing, ring to which twe
benzene rings are fused, for these are the first examples of perchlorinated
systems with this feature, Nonachloro-?,S-benzoquinoline, however, has
only one c;rbocyclic ring fused to the heterocyclic ring so, if it is the
presence of two fused rings on the heterocyclic-ring which causes

decomposition, it should be possible to fluorinate ronachloro-7, 8-

benzoquinoline quite smoothiy.

1.3 Nonachloro-7, 8~benzoquinoline

The fluorination of nonachloro—?,S—benzoquinoline Qith potassium fluoride
in an autoclave was attempted using both tﬁe conditions whiqh are successiul
wifh'heptachléroquinoline, and the much milder conditions which failed with
nonachloroacridine apd nonachlorophenanthridine.

With this ring sysfem, too,‘it was not possible to obtain any tractable
compbund, apart from a highly degraded mixture, under either of the reaction
conditions used, Thié was despite the fact that several ways of isolating

workable material from the reaction residue were attempted.

1.4 General Conclusion

It is clear that the attempted flucrinatien in an autoclave, of all
these three chlorinated systems is not at ail successful, because there'is
sone way in which these systems can decompose, which is not possible with
pentachloropyridine, heptachloroquinoline, heptachloroisoquinoline or

hexachlorophthalazine, These three systems which decompose all have three

fused rings, with a hetero atom, and it is gquite possible that it is this
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presence of three fused rings which is necessary for decoemposition to occur,
There are at least two ways in which decomposition might occur more readily
for a three-ring system; than for a two-ring system.

First, attack by fluoride ion may occur at a bridéeheéd position at
any stage of the fluorination, With heptachloroquinoline, such an attack

produces an anion which can do little but recyclise, so that attack at a

-

bridgehead position is reversible for a two-ring systém:

Ci

C1 —_

With nonachlorvacridine, such an attack produces an anion which can undergo
further rearrangements in the third ring, so that attacii at a bridgehead

. position is irreversible for a three-ring system,

C1

Since this process could occur at any stage in the fluorination, attack at
bridgehead positions can explain why the fluorination of chlorinated systems
with three fused rings faijls under conditions which are suitable for systems

with two fused rings.




Secondly, systems with three fused rings are better electron acceptors
than systems with two fused rings, and there are weak electron donors, such

as chloride or fluoride ions present, so that radical anions may be produced.

TFor heptachloroquinoline and nonachloroacridine the reactions would be:

_Cl- + @ —— Cle =+
. y | :

C1

C1- +

Once formed, the radical ions could decompose by a variely of means,
produciﬁg a mixture of degraded material, Because . the three~ring systems
are better electron acceptors than the two-ring systems, this electron

transfer process can also explain why the fluorination cf chlorinated systems

‘'with three fused rings fails.

2. Hydrolysis Reactions and Basicity

2.1 Nonachloroacridine

A. Hydrolysis
As mentioned in Chapter II, nonachloroacridine is readily hydrolysed
to octachloro-9-acridanone and, by using hydrochloric acid, it was possible

_to isolate a pure sample of octachloro-9-acridanone,

: Cc1
’ P /ﬁ“\\\ .
_ ,\\\\‘ HC1/K,0
Ci C1 | S 3 C1 C1
/ 100°C/18 h.
SN N Z Y :
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The molecular weight and analytical data shew that the product is a
monohydroxyoctachloroacridine,‘but do not demonstrate at which position
hydrolysis has occurred. That it has occurred in the 9.position is
indicated by the cdrbonyl and N-H peaks in the infra-red spectrum, by the
similarity of the ultra;violet spectrum to that of 9-acridanone,178 and by
a comparison of the melting point with the values quoted for Famples of
octachloro-9-acridénone which had been obtained earlier, by unambiguous
syntheseé.&8’168
As mentioned in Chapter I, perchlorinated hgteroaromatic compounds
containing nitrogen would be expected to be more basic, as the number of
chlorine atoms ortho to the ring nitrogen atom decreases. As there are
no chlorine atoms ortho to the nitrogen atom in nonachloroaéridine, it
would be expected to be quite basic and this accounts for the very easy

hydroljsis, if hydrolysis is an acid induced process,

B. Reaction with Hydrogen Chloride Gas

It may be that nonachloroacridine is sufficiently basic to form a
salt with hydrogen chloride, and thié possibility was investigated by
bubbling dry hydrogen chlo?ide gas through a solution of nonachloroacridine,
Uptake of gas occurred and a cldhdiness developed in seolution, which is

consistent with the formation of nonachloroacridinium chloride,

c1 c1
= NVWN HC1
l —= 5 c1 c1
NS S _' LN
H -

However, it was not possible to iselate anything other than nonachloro-
acridine from the solution, It is possible that more powerfully acidic

reagents might allow galis to be isolated, as a miviuvre of hydrogen fluoride
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and antimony pentafluoride allows a hexaflucroantimonate salt of pentafluoro-

oy X 124
pyridine to be isolated, Y and methyl fluorosulphonate allows a salt of

79

pentachloropyridine to be isolated.1

. I{F/SbFS
F —> ~ F
N N
I* )
H  SbF,
MeSOBF
Cc1 — C1
N N
|+
Me SO.F"
.3

2.2 llydrolysis of Non&chlorephenanthridine

In nonachlorophenanthridine, there is one chlorine atom ortho to the
ring nitrogen, so it would be expected to be less basic than nonachloro-
acridine, and consequently less susceptible to acid induced hydrolysis.
Indeed, it was completely unaffected by the conditions‘which completely
converted nonachloroacridine to octachloro-9-acridanone, and this tends to
confirm that hydrolysis is an acid induced process.

Using more vigorous conditions, however, it was possible to hydrolyse

nonachl orophenanthridine to octachloro-6-phenanthridanone,

S0, /H
H2 ll./ 120

A4

100°c/100 h.

As with the acridine ring system,; the molecular weight and analytical data

show that the product is a monohydroxyoctachlorophenanthridine, but do not
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demonstrate at which position hydrolysis has occcurred. However, it is
only if hydrolysis is at the G-position that the compound would be

expected to exist as the keto tautomer, The presence of carbonyl and N-H
peaks in the infra-red spectrum of the product, taken together with the
similarity of its ultra-violet spectrum to that of G-phenanthridanone imply

that the product is indeed octachloro-6-phenanthridanone,

3. Nucl eophilic Substitution Reactions

3.1 Nonachloroacridine

Of the various monochloroacridines, 9-chloroacridine is by far the most
. I 180 . s
susceptible to nucleophilic attack, which suggests that the 9-position
is that position which is most activated to nucleophilic attack by the
ring system. . It has a®so been shown that 1’2;3,Q"tetrafluorou9-methylu
acridine reacts with nucleophiles, such as methoxide ion, to give substitution

in the 3-position.181

CH
3

These two facts taken together suggest that nonachkloroacridine will undergo
nucleophflic attack in the 9-position quite readily, and that then attack

might occur in the 3- and 6-positions.

A, Methoxide Ton

(i) One Equivalent Methoxide Ion. Because of the low solubility of
nonachloroacridine, this reaction was carried out on a suspension in methanol,
but quite mild conditions werz sufficient to produce octachloro~9.-methoxy-

acridine.



Ci
MeO~ /MeOH
: C c >
@L/Ef; Reflux/24 h,
N7

The orientation of the substituent in the prodﬁct.was demonstrated by
hydrolysing the methoxy derivative to octachloro-9-acridanone, obtained
earlier,

OMe : o ' 0

7 XN HC1/H,0 =

I S l
o

o
N Z~  100°C/18 h. \ N

H

(ii) Two Equivalents “ethoxide Ion. Under moderately forcing

conditions (prolonged reflux at atmospheric pressure) a second methoxide
ion would not react and only octachloro-9-methoxyacridine could be isoclated.
If nonachloroacridine was reacted with methoxide ion under pressure
and at high temperaturcs, octachloro-9-acridanone was obtained, presumablf
by initial conversion to the monomethoxy derivative followed by attack of
another methoxy group on the subétituent.
) -
C1 OMe + MeO

_ _ \_»zsg:}" @

—> MeOMe

AN

+

. A o—
N e,

OH




Such a mechanism would release dimethyl ether gas during the reaction, and

it was indeed observed that a pressure build up occurred.

B, Diethylamine

‘Nonachloroacridine reacted with excess diethylamine to give octachloro-

9~ethyliminoacridan,
) C1 , . . ’ NEt-
= Ny XYy It NH
t2 s

c >
I 1 Reflux/2l; h.

AN N F

This assignment of the orientation of the substituent in the product is
baséd oh a comparison with ﬁhe methoxide ion reaction, and on the fact thét
the infra-red spectrum shows that the imino tautomer is present, by the C=N
absorbtion. Présumably the mechanism involves sinple subsﬁitution

followed by a Hoffmann type elimination.

Et
. oo -
c1 - H'-N-Et  C1’
7 N Y Bt NH
| S c1 c1
NNy Z ' "

Et

C1~ H-N'-CH_-.CH -H

_ 27 2 '
N

| o o+ EtzNH.
N N

NEt
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C. Reaction with t-Butylamine

Since t-butylamine is such a sterically hindered molecule, it may he
_difficult for it to react with nonachloroacridine in a simple nucleophilic
substitution process, In practice it was found, by the mass-spectrum, that
the material recovered from reaction of nonachloroacridine with excess
t-butylamine contained a lot of starting material, some subst}tution product,
and some ocfachloroacridines; The latter probably arise by a reductive
dechloriﬁation process, which has not been observed before in a thermal
reaction, although reductive deiodinations have been reported.111 The

mechanism could involve donation of an electron to the ring system, followed

by loss of chloride ion.

C1 _
& |
: C1 | +~:N-tBu —> C1
| . )
N H

As shown here, thin layer chromatography of the'product demonstrated that

the reductive dechlorination occurred at several places in the molecule.

D, Thiophenoxide ITon

Thiophenoxide ion is larger than methoxide ion, and it is also a better

~

electron donor, so it would be more likely to cause reductive dechlorination

than methexide ion. In practice, nonachlorcacridine gave no substitution
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with thiophencxide ion, but only reductive dechlorination, lecading to a

product mixture containing starting material and octachloroacridines.

. ~

~ PhS™/MeOH .

Reflux/1% h.” @; ClgH
N

I, -Hexafluorqpropene in the Presence of IFluoride Ion

Ci

When caesium fluoride is stirred in a suitable solvent, such as
sulpholane, under an atmosphere of hexafluoropropene gas, heptafluoroiso-
propyl anions are produced, which have been shown to effect substitution

. s . . ' . 182,183
reactions in highly fluorinated heteroaromatic compounds. ) It was

thought possible that nonachloroacridine might be sufyriciently reactive

for it to undergo substitution by heptafluoroisopropyl anions

C.F

In practice, it was necéssary to'use wvater to remove caesium salts and
éulphoigne after the reaction was finished, and only octachloro-9-acridanone
was isolated. This deoes not necessarily imply that.heptafluoroisopropyl
anion will ﬁot displace chloride from nonachloroacridine, since octachloro-
9-heptaf1uoroisopropylacridine could possibly bhe hydrolysed as easily as

nonachloroacridine.

3.2 Nonachlorophenanthridine

The chlorine atom of 6-chlorophenanthridine is found t2 undergo
Sl s . ... 184 . . \as
nucleophilic displacement readily, but not as readily as 9-chloroacridine,

indicating that the 6-position is most activated to nucleophilic attack by
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the ring system, and suggesting that nuclecphilic substitution of nona-

chlorophenanthridine may occur in the G-position.

A, Methoxide Ion

‘Because of‘thellow solubility of nonachlorophenanthridine, reaction
with methoxide ion was carried out in suspension in methanol, but reaction
occurred quite readily, though less readily than in the case.of nonachloro-
acridinef With one equivalent of methoxide ion, octachloro-6-methoxy-

phenanthridine was produced.

MeO”/MeOH _
Reflux/65 h. C1

N

\T//

c1 ' OMe

. The orientation of the substituent in the product was demonstrated by its

hydrolysis to octachloro-G-phenanthridanone, obtained earlier.

stoh/nzo _
100°c/110 h. C1
. N\\H
OMe ) . 0

B. Diethylamine
Nonachlorophenanthridine reacted with excess diethylamine to give

octachloro-6-diethylaminophenanthridine,

Et NH
t2 R

Reflux/65 h,” Ci
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In this case, the assigmment of orientation rests simply‘on a compaiison
with the analogous methoxide icn substitution.

It is interesting that, unlike the corresponding acridine derivative,
this phenanthridine derivative does not react fu?ther to give an imino

phenanthridan,

C.. t-Butylamine

Likg nonachloroacridine, nonachlorophenanthridine is not very reactive
towards t~butylamine and simple substitution i; not the only reaction
‘proéesg. .The material isolated was a mixture of substifuted phenanthridines,
starting material, octachloro-6-phenanthridanone, and ﬁartially dechlorinated
phenanthridines, indicating that, with this bulky amine,'reductive

dechlorination is an important process.

ﬁ._ Thiophenoxide Ion

Like nonachloroacridine, nonachlorophenanthridine does not react with
thiophenoxide ion by a nucleophilic substitufion process, but rather by
réducti?e dechlorination, because of £he size and electron donor ability of
the thiophenoxide anion., Reaction of nonachlorophenanthridine with one
equivalent thiophenoxide ion in methanol, gave a mixture of starting waterial

.

and octltachlorophenanthridines.

C1

PRS-
? —> Cl H
Reflux/1 h. = lg

N ' N

C1

3.3 The Coumpetition between Nucleophilic Substitution and Reductive

Dechlorinatiion

The above examples are the first cases where reduactive dechlorination

competes successfMmily with nuclecphilic substitution in a thermal process
P iy P ’
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believed to involve the chlorinated radical anion. Evidence for this

. . . 185 ) .
mechanism comes in a recent review, where the existence of aromatic
radical anions has been described, as well as electron transfers to
chlorinated compounds, 7ollowed by loss of chloride ions. When a
nuclecphile reacts with an aromatic chlorine compound to give substitution

or reduction, the reaction paths must divide at some point.

Ar -Cl —=> Ar’ ~> Ar-H

?

Ar.Cl + Nuc™

| S

Ci

v —>  Ar-Nuc
~N

Nuc

(0-complex)

It is not clear whether the iadical anion intermediate for reduction is
the first step in the formation of the O.complex, which is the intermediate
for substitution, or whether these iwo intermediates are interconvertibie.
Clearly, the relative stabilities of the.two intermediates will
determine which of the two processes is favoured in any particular case.
If substitution does not proceed-via the radical aniop’ then reduction will
be favoured as the donor ability of the nucleophile is increased,
Now, with nonachloroacridine and nonachlorophenanthridine, methoxide
ion gives substitution whereas thiophenoxide ion giQes reduction, and
diethylamine gives substitution whereas t-butylamine.gives substitution and
reduction, In the case of.octachloronaphthalene (see Chapter IV), methoxide
ion gives no reactién, diethylamine and t-butylamine give 6nly reduction,
and ammonia gives reduction and some substitution,
Thiophenoxide ion is probably a better one-electron donor than methoxide
ion, but it ié also more nucleophilic and larger, so it is not possible to

predict how the relaiive amounts of reduction and substitution will change

when the nucleophile is changed from methoxide to thiophenoxide, whether
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substitution proceeds via the radical anion or not. Far nonachloroacridine
and nonachlorophenanthridine, reduction is much more favoured with
thiophenoxide than with methoxide, but this does not really give any
information on whether or not the radical anion lies on both reaction paths.

Steric crowding will destabilise O-complexes, favouring reduction, and
this may be illustrated by the way larger amines give reduct%on with
nonachloroacridine and nonachlorophenanthridine, rather than substitution.
However, ihe better one-electron donor ability of the larger amines may also
be an important factor here,

Octachlorohaphthalene is probably a worse electron acceptor than
nonachlorcacridine or nonachlorophenanthridine, so radical anions derived
from it would be less stable. However, with diethylamine, octachloro-
naphthalene gives reduction, whereas nonachloroaciidine <nd nonachloro-
phenanthridine give substitution. This must be because the O-cemplex
for octachloronaphthalene is considerably less stable than the corresponding
O-complexes for nonachloroacridine and nonachlorophenanthridine,

Overall, the available evidencé does not clearly indicate whether the
radical anion is on the reabtion-path to substitution or not, but the fact
that in many substitution reactidns there is no evidence for any reduction

implies that the reaction pathways are completely different.

4, Reactions with Organometallic Reagents

Generally, the reactions of these perchlorinated heterocyclic systems
with organometallic reagents have been rather irreproducible and it is
difficult to make any rationalisations about the reactions which occur. ‘An
obvious possible cause of the irreproducibilitv is the organometallic reagent
used, which was normally n-butyl lithiuw in n-hexane. While it is not
possible to know what impurities might have been present in the reagent,

its concentration was measured by a titration procedure, in this procedure
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a portion of the solution of the reagent was added to water, and then the
mixture was titrated against standard sulphuric acid, using phenolphthalein
as indicator. This titration gives the total lithium content of the
solution. Another portion of the solution was added to freshly distilled
benzyl chloride, water was then added and a titration was carried out as
before.' This titration gives the non-organometallic 1ithiuw content of

the solution, because benzyl chloride reacts with the n-butyl lithium.

n-BuLi + PhCH201 ———§ n-BuCl + PhCHzLi

PRCHLi + PhCHCl —3> LiCl + (PhCH,),

n-Buli + PhCH,C1 —> LiCl =+ .Ph(CHz)lkCHB
The difference between the two titration results hence gives the
concent;ation of the orgauometallic reagent, n-butyl lithium, in the solution.

4.1 Nonachloroacridine

A, Reaction with n-Butyl Lithiuwn

Nonachloroacridine has been reacted several different times, with
several different samples of n-butyl lithium and veriocus different
observations have been made.

In many reactions, nonaéhloroacridine was recovered unchanged, even
when the reaction was carried out at quite high temperatures and the
jactivity of -the n-butyl lithium haa been demonstrated by standardisation.

The most likely cause of this is that the n-butyl 1ithiuﬁ, in this sample, is
in some degree of co-ordination which prevents it from being readily reactive
with a molecule such as nonachloroacridine, which is quite steriqally
crowded.

In another reaction, where the reaction mixture was hydrolysed at low
temperature

s 1,2,3,4,5,6,?,8-octachloroacridine was produced, which is the

product expected by a metallation reaction analcgous to that observed with
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pentachloropyridine.131’1Jd
€1 : Li

C1 n—BuLl/ether; I Cc1

)
\ -78°C \\\\ N

HC1/ 1—120 )

H

C1
N

It is interesting that, although this reaction was obtained with a different
sample of n-butyl lithium to that which gave no reactior., the concentration
of the two samples was very similar. The orientation of the hydrogen atom
in the product was demonstrated by the failure of this compound to be
hydrolysed by the same conditions as those which convert nonachloroacridine
to octachloro-9-acridanone.

In a third type of reaction; where the reaction mixture was hydrolysed
at low température, 9-n-butyl-1,2,3,4,5,6,7 8-octachloroacridan was

produced in very low recovery,

HB/ n-Bu

i ) n—BuLi_/..?SOC\ Cl Cl
ii) HC1/H.0 , J
- N &

H

It seems as if, in this case, net only has metallation occurred, but also
alkylation, which is the normal reaction for p2rfluorinated compounds.
The n-butyl lithium used for this resction was much less concentrated than

that used in the previous two cases.
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There does not seem tc ke any simple rationale for this diversity in
reaction types, but jmpurities in the n-butyl lithium and varying degrees

of its complexation are presumably important factors.

B. Reaction with Phenyl Magnesium Bromide

. . 0 o '
Like pentachloropyrldlne,15 nonachloroacridine does not seem to be
sufficiently active to combine with Grignard reagents, and omly starting
material was recovered when nonachloroacridine was treated with phenyl

magnesium bromide, even when the mixture was refluxed in diethyl ether,

4,2 Reaction of Nonachlorophenanthridine with n-Butyl Lithium

| Many reactions between nonachlorophenanthridine and n-butyl lithium,

with the temperatures ranging from -78°C to refluxing ether, were attempted,
but in all cases only staiting material was isolated when the mixture

was hydrolyéed. All these reactions were done with the same sample 6f n~-butyl
lithium as gave no reaction with nonachloroacridine, which nevertheless had
quite a high organometallic reactivity when fitrated as described above.

This tends to confirm that this sample of n-butyl lithium has the molecules

complexed in some way which reduces their reactivity.

5. Oxidation and Reduction Reactions

5.1 Nonachloroacridine

A, Oxidation

The oxidation of nonachloroacridine to its N-oxide, using acetic acid,
sulphuric acid and hydrogen peroxide, as described by Chivers and

. 151,152 . .
Suschitzky, ) was attempted. In practice, however, octachloro-9-
acridanone was obtained instead, which is rot really surprising under these

strongly acid conditions,

C1 : O

/\Y o \ CH, COOH/H 50, /H,0,
mik c1 2 2y R/]
N ) N~




Because most reagents for preparaing N-oxides usc acidic conditions, it will
probably not be possible to obtain an N-cxide of nonachlorcacridine.
B. Reduction

(i) Using Lithium Aluminium Hydride: When nonachloroacridine was

treated with lithium aluminium hydride in diethyl ether, extensive
reduction to a mixture of nen-fully chlorinated aciridines and acridans

occurred.

P
/
NN
|
C H
| H d 11O-n n
ad -3
+
4 Ci H
N 9—n-n
. -

It was not possible to isolate any single compound firom the mixture, which -
also seemed to contain species in which solvent ether had been incorporated

L

into the molecule,

(ii) Using Sodium Borohydride: Since sodium borohydride is a milder

reducing agent than lithium aluminium hydride, it was hoped that its
reaction with nonachloroacridine might be less complicated and allow single
coﬁpounds to be isolated, In practice, it was found that the reagent is
too mild, and only starting material was recovered from the reaction between

sodium borohydride and nonachloroacridine in diethyl ether,

5.2 Oxidation of Octachlorco-9-acridanone

It hgs been renorted that oxidation of 9-.acridanone with dichromate

186

~in hot acetic acid produces 10,10'..di-9-acridancne.
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0 0
CroO,
CH_COOH
N 3 ~n~
| I
H N
0

The same reaction was attempted with octachloro-9-acridanone but, even
using somewhat more vigorous conditions than those reported for the hydro

compound, only starting material was isolated.

6. Pyrolysis and Photvlysis Reactlions

6.1 Photolysis of Nonachloroacridine in Methanol

As mentioned in Chapter I, photolysis of perchlorinated heteroaromatic
compounds frequently proceeds by breakage of a carbon to chlcrine bond

153

and photochemically induced reductive dechlorination occurs. However,
if a powerful nucleophile is preéent in the solution, then photochemically
induced nucleophilic substitution may occur, and meta-chlorophenol has been

187

" converted to meta-dihydroxybenzene by photolysis in aqueous alkali.
OH . OH

H 0o/0H"
20/

>
u.v,
1 - OH
The irradiation of nonachloroacridine in methanol was attempted to see
if either of these twc processcs wouid occur, but it is unlikely that
methanol is sufficientiy reactive to give photochemically induced nucleophilic.
substitution, because it gives no reaction with 3-fluoro-li-methoxynitro-

188 . L. 1.
benzene, In fact, ne reaction coccurred and nonachloroacridine was
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recovesred unchanged.

6.2 Octachloro-9-acridanone

The mass spectrum of octachloro-9-acridanone shows some evidence for
fragﬁentation occurring by loss of carbon monoxide, so pyrolysis and
photolysis reactions were chiefly directed towards the possibility of

converting octachloro~9-acridanone to octachlorocarbazole, - ~

0 ' ' _ _
| TN
?
' C1 — C1 + CO
N N .
| |
‘H H

A, Byrolxsis

(i) Under Atmospheric Pressure. When octachloro-9-acridanone was

heated to the highest temperatures which could reasonabiy be obtained -
under atmospheric pressure, it was completely.unaffected and was recovered

unchanged.

(ii) In an Autoclave. . When octachloro-9-acridanone was heated in an

autoclave to a temperature which was not much higher than that used in (i)
 above, extensive decomposition occurred and no tractable material was

isolated.

B. Photolxsis

(i) In an Inert Solvent. Phétolysis of octachlqro-9-acridanone, in
an inert solvent and in the region of the spectrum which ekcites the carbhonyl
group, might a;so lead to loss of carbon moroxide, Howvever, when the
photolysis was carried out in dry'benzene, no reaction occurred and starting

material was recovered.

(ii).IE;lEQREREﬂﬂgi' Although photolysis of octachloro-9-acridanone in
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an inert solvent did not cause decarbanylation, it was hoped that some other
reaction might occur when the substrate was photolysad in a pretic solvent.
However, when the photclysis was carried out in isopropanol, it was again
observed that no reaction occurred and octachloro-9-acridanone was

recovered,

6.3 Pyrolysis of Nonachlorophenanthridine -
There have been several reporis of nitrilic compounds being eliminated
from heterocyclic systems, For example; irradiation of a pyridine matrix

in argon produces cyclobutadiene by loss of hydrogen cyanide from a valence

bond isomer.189
u.v., ”7 __E:V.E HCN .
8°k N

Also, perfluorcisobutyrylnitrile is one of the products when perfluoro-3, 5~

190

bisisopropylpyridazine is irradiated.”

c.F

37
F
N u,v : '
” — C F_CN + other cowpounds,
N 12 37
CF
37

It has-also been reported that pyrolysis of benzoflclcinnoline and

octachlorobenzo[cJcinnoline causes loss of nitrogen and leads to the

191

formation of'biphenylene and octachlorobiphenylene, respectively.,
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200°C &
ALY Q}/ c1

On the basis of all these observations, it was hoped that pyrolysis of
nonachlorophenanthridine might cause loss of cyanogen chloride; with the

formation of octachlorobiphenylene.

C1

C1 + CICN

! __ g

C1

In practice, thé product of hydrolysis had the same molecular weight
as nonachlorophenanthridine, but the inffa-red spectrum was very similar to
that of decachlorobiphenyl, and seemed to show a weak CZN absorbtion. At
the time of writing it is not cléar what the product of pyrolysis is, although

it may be nonachlorobiphenyl-2-cyanide,

Preliminary attempts to hydrol&se the product failed, but further attempts to
show the presence or absence of a nitrilic group, by chemical means, are in

hand,



CHAPTER IV

Nucleophilic Substitutions in Heptachloroquinoline and

13

C N.M,R, in Assigmment of Orientation

Heptachloroisoquinoline:- The Use of

1. Substitution Reactions of Heptachloroquinoline and Heptachloroisoquinoline

1,1 Simple Nucleophkiles

A, Introduction

(i) Reactions of Monohaloquinolines and Monohaloisoguinolines. Kinetic

measurements on the displacement of bromine from all the monobromoquinolines,
by alkoxide ion or amine; have shown that halogen atoms in the 2- and 4.

positions react several orders of magnitude faster than halogens in other

- 192 . s oA ‘ .
positions; 9 it can be considered that only halogen atoms in these

positions undergo nucleophilic displacement under reasonably mild conditions.
The relative rates of reaction at the 2- and kL-positions of quinecline

have been measured for a range of nucleophiles. For the reaction with

4

ethoxide ion at 70°C, 2-chloroquinoline has a rate constant of 19 x 10~

1.mole”'s™! whereas the rate for 4-chloroquinoline is 1+1 x 107" 1.mole” t

S-ln 193

p]
In general, the reacfi&ity of the 2- and L-substituted compounds
towards alkéxides is quite similar, |

In contrast, amines normally react much more readily with zfchloro—
quinoline than with'a-chloroquinoline, possibly because of greater steric
crowding at the A-position. The rate of reaction with amine At the 4-
position is highly solvent dependent as shown in Table 4-~1, which

summarises rates of reactions of 2-chloroquinoline and 4-chloroquinoline

' I
with piperidine at 86-50C, in various solvents.191

As far as isoquinoline is concerned, 1-chloroisoquinoline reacts with
alkoxide ions at about the same rate as 2-chlcroquincline and L-chloro-

193

quinoline, but other nmonochloroisoquinolines react more slowly by several
orders of magnitude, and might be considered to be unreactive towards

nucleophilic attock.
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TABLE 4.1

Reaction Rates of Monochloroquinolines with Piperidine

Solvent . Rate: l.moleulsil
2-Chloroquinoline Lh-Chloroquinoline
Ll

Toluene 0:041 x 10™* ] unmeasurably small

: n N

Piperidine 0:310 x 10™ " 0.0091 x 10™*
o -4 ' A

Methanol 0-258 x 10 ) 0.29 .. x 10

(ii) Factors Governing Orientation in Highly Chlorinated Heterocycles.

As seen iﬁ Chapter I, section 3.2.C, three main factors control the
orientation of nucleophilic attack in perchloriﬁated hetercaromatic compounds,
and these are the orientation of the ring nitrogen, the electronic effect
of the chlorine atoms and steric effects.

Observations on monochloroquinolines indicate that, for heptachloro-
quinoline, the 2- and &-positiohs are approximately eqﬁally activated by
the ring nitrogen atom. Substitution in either of these positions has cne
chlorine atom ortho and one.meta to the position of substitution, so the
electronic effect of the chlorine‘atoms would not be expected to cause any
distinction between the reactivity of the 2~ and é-poéitions. However,
stefic effects will quité probabiy make substitution at the 2-position
considerably.mofe favourable than substitution at the L-position.

Obser?ations an monochléroiéoquinolines indicate>that, for heptachloro-
isoquinoline, the l-position is most activated by the ring'nitrogen= so0 it
might be'eXpeéted that nucleophilic substitution of heptachloroisoquinoline
would occur oﬁly at this position. However, it mﬁ#f'be bo:né'in mind that
substitution in the 3-position is more favoured sterically; énd by the
electronic effect of the chlorine atoms, since there is an ortho and a meta

chiorine atom, whereas at the 1-peosition there is oniy a meta and a para
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chilorine atom.

Cl<€ 5> C1

It is therefore possible that these two effects, between theﬁ, could
outweigh the effect of the ring nitrogen atom and direct substitution of

heptachloroisoquinoline to the 3-position,

(iii) Reaction of qutafluorbquinoline and Heptafluéroisoguinoline.
It is worth considering the known orientations of substitution in these
fluorinated compounds, because #hey may clarify some of the predictions
made in section 1,1.A,(ii) for the corresponding chlorinated compounds.

Heptafluoroquinoline has only been found to undergo nucleophilic
substitution in the 2. and L-positions, and these positions are of

comparable reactivity sc that, when two equivalents of nucleophile such as

methoxide are used, then pentafluoro-2, 4-dimethoxyquinoline is produced.195
OMe
F
MeO™ /MeOH E
N OMe

When one equivalent of nucleophile is used then generally a mixture
of 2~ and &—substitﬁted products is obtained, as summarised in'Table 4.2,
When steric crowding is redu;ed to aaminimuﬁ (the reactions of ammonia)
it can be seen that the reactivity of the 2. and.h-poéitions is very similar,
but steric effects clearly favour the 2-position over the L-position, as
the zize of the nucleophile is increased, These observations generally
confirm the predictions made for heptachloroquinﬁline, but the large size

of the chlorine atem compared to the fluorine atowm would be expecied to make
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steric effects more important in heptachloroquinoline than in heptafiuorc-
quineline.
TABLE 4-2

Prcducts of Nucleophilic Displacements in Heptafluoroquinoline

Nucleophile Solvent 2-Isomer L-Ysomer Agéfgggggg
MeQ™ Methanol 75% 25% 195
MeO~ t-Butanol > 95% - 196
NH3 Acetone SQ% 56%' 195
NH, Ether 60% L0% 196

‘EtzNH Acetone > 95% . - 196
n-BuLi Hexane > 95% - 196
n-BuLi Ether 90% 10% 196

Heptafluorcisoquinoline, with one equivalent of nucleophile, undergoes

. . : _ ‘s 165 . -
substitution exclusively at the 1l.position, as would be expected from the
substitution rates of the monohaioisoquiholines, and the rate is compareble to
that for heﬁtafluoroquinoline. MHowever, it is possible, under cnly
moderately forcing conditions, to obtain disubstitution. For'example,
heptafluoroisoquinoline reacts with two equivalents methoxide ion to give

195

pentafluoro-=1, 6-dimethoxyisoquinoline.

MeO”/MeOH_
Reflux 2 h,

| . OMe

‘ These observations tend to confirm the prediction that heptachloreisoquinoline
will be reactive towards nucleophiles in the i-pesition, but they suggest that

it will not be reactive in the 3-pvosition.




- 101 -

B. Displacements in Heptachloroquinoline and Heptachloroizcquinoline

(i) Meptachloroquinoline. Despite the fact that heptachloroquinoline

is rather insoluble in most solvents, which means that most of these
reactions were carried out on suspensions, it reacted with methoxide ion
under conditions which are not much more forcing than those required for
heptaflgoroquinoline. This is in contrast to the low react%vity of
hexachlorobenzene relative to hexafluoroﬁen;ene.95

With one equivalent of methoxide ion, thrée_products were produced:
one is a pentachlorodimethoxyquinoiine and the other_two are hexachloro-
metﬁoxyquinolihes. The relative amounts of the two monomethoxy compounds
was at least 4:1 and only the major monomethoxy component could be isolated
in a pure state. The same dimethoxy compound was obtained alone, by a
reaction of heptachlo?oquinoline with two équivalents of methoxide ion.

Although there is no direct evidénce, it is highly likely that the
dimethoxy compound is pentachloro-2 4-dimethoxyquineline, the major

monomethoxy compound is hexachloro-2-methoxyquinoline, and the minor monomethoxy

compound is hexachloro~4-methoxyquinoline,

OMe
_1MeO . @\ + ﬁl C1
+
OMe

OMe
S & Ci1
Ry 7N VY
c1 'L c1 | . 2Me0” . e |
X v e Ry’ Ny F Ole
SR
- 9 0CT1974
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This is consistent with the.predictions made at the beginning of this chapter;
the size of the chlorine atoms causes even small nucleophiles to substitute
much more readily at the 2-position than at the L-position, although the
electronic effect of the chlorine atoms is the séme at both positions,
because they both have one orthc and one meta chlorine atom.

With diethylamine, heptachloroguinoline readilf gave a single mono-

-

substituted quinoline, which is tentatively identified as hexachl.oro-2-

diethylaminoquinoline, (see section 2.3.B, below). This too, is in accord
with the 4-position becoming less reactive as the size of the nucleophile

is increased, and there was no evidence for any disubstitution of heptachloro-

quinoline by diethylamine, even under quite forcing conditions.

Excess refluxing S ::f\l[:\
Et NH
t2

(ii) Heptachloroisoquinoline, Like heptachloroquinoline, the

insolubility of heptéchlorisoquinoline caused the substitution reactions to
be done on suspensions,but ﬁot much more vigorous conditions were needed thau
- for heptafluoroisoquinoline. ‘

With one equivalent of methoxide ion, a single monosubstituted hexa-

chloroisoquinoline was obtained, which is tentatively identified as

hexachloro-i—methoxyisoquinoline, (see section 2.3.D, below).

c1 MeO >

Substitution occurs at the position which is most activated te nucleophilic

attack by the ring system, and the directing effects of the chlorine atoms,
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both electreonic and steric, are obviously outweighed by the directing
influence of the ring nitrogen atom.

Even when the steric effects were more sevefe, such as when diethyl-
qmine was the nucledphile, a single monosubstituted compound was obtained
by reaction with heptachloroisoquinoline. There is no direct evidence, but

this is probably hexachloro-il-diethylaminoisoquinoline,

: EtzNH
c1 —_—s c1 c1
. _ N
. / N . \(
B NEt

2

Unlike heptafluoroisoquinoline, it was not possible to obtain any
disubstitution in hepta<hloroisoquinoline, even with methoxide ion under

forcing conditions.

1.2 Sulphur Containing Nucleophiles

The treatmgnt of heptachlorgquinoline with sodium disulphide solution
did not cause any reaction to occur; although this reagent does convert
oétachloronaphthalene to 2,3,1.1.,5;6,7-hexachloronaphtho[1,8-—ccl]—‘].,Z—dithiole.101

fhe more vigorous conditions, using elemental sulphur, which allow
3,4,7,8-tetrachlorohaphtho[1,8—cd:4,5-c‘d']bis[l zjdéthiole to be obtained

from octachloronaphthalene,1 1 were successful in converting heptachloro-

quinoline to 2,3,6,7,8-pentach1broquino[&,5-cd]—1,2-dithiole.

S S
Cc1
[¢]
C1 Cc1 _5/320°C c1
15 m. N
N . N C1

A pure sample of the product was obtained by recrystallisation and vacuum

sublimation,
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1.3 Organometallic Reagents

A, Introduction

As mentioned in Chapter I, perfluorinated hetersaromatic nitrogen

compounds normally react with organometallic reagents to give alkyl

substitution, and heptafluoroquinoline reacts with n-butyl lithium to

196

give mainly 2-n-butylhexafluoroquinoline.’

__n-Buli
Hexane

n-Bu

.Pentachloropyridine, however, undergoes metallztion reactions and
monohalotetrafluoropyridines also normally give metzllation. For example,

L.bromotetrafluoropyridine and tetrafluoro~f-icdopyrisdine can produce
PY P ¥

G
Grignard reagents and lithio derivatives.197’1)8
X Mgl
- »] '

r __lﬂﬂgléb F ]
<~ N ’ N~ !

X L

F ] . n-Buli F

N Xt

However, attempts to make Grignard reagents or lithio derivatives of 2-
bromohexafluoroquinoline and of 2,4-dibromopentafliusiroquinoline have only
199

led to extensive decomposition.

B, Reaction of Heptachlorquinoline with n-Butyl Lithiumn

¥hen heptachloroguinoline was treated with n-bwiyl liihium and then the
reaction mixture hydrolysed, only dark tarry materials, resulting from
extensive decomposition, were obtained; this was se, even when the whole

. . P O
reaction was carried out at -78 C.




This result, together with the earlier results on bromofluoro-
quinolines, suggests that some feature of the quinoline ring system, which
is different to the pyridine fing systen, makes its organometallic
derivatives very unstiable. While it is easy to envisage several ways in
which such derivatives could decompose, it is not clear why they should be

so0 much less stable than the corresponding derivatives of pyridine.

13

2. C N.M.R, and its Attempted Use in Assigning Orientation cf Substitution

Textbooks on 13C huclear magnetic résonance spectroscopy have recently
been published. There is a general introduction te its application in
organic chemistry,zoo as well as tables of observed spectra,zo1 but it is
only within the iast ten years that this form of spectroscopy has hecome

at all widely used,

2.4 General Principles of 1)0 N. M. R,

A, Nuclear Sensitivity and Natural Abundance

Carbon-13 is the only stable isotope of carbon to have‘a nuciear spin,
and its spin number is %; in this respect, nuclear resconance spectroscopy
of carbon-13 is similar to spectroscopy of the proton. However, there are
some importaht differences between carbon-~13 and the proton.

First, the magnetogyric ratio for carbon-13 is only about % that of the
value for a proton; accurate measwrements give the ratio to be 0-251&43.202’303
Now the energy difference, AE, between the two magnetic energy levels of a
nucleus is given by

where y is the magnetogyric ratio, b is Flanck's constant and H is the
applied magnetic field. Hence, for a givén magnetic field, the energy
difference between the two levels will be less for a carbon-13 nucleus than
for a proton, and, by the Boltwzmann energy distribution, the excess

v

population of the ground stale, relative to the excited state, will be less.




This means that the carbon-13 nucleus is intrinsically iess sensitive than
a proton by a factor of about 6.4,

Secondly, spectroscopic measurements arc normally made on samples
containing only the natural abundance of carbon—ij, which is about 1-1%,
Obviously, this further lowers the sensitivity compsred to proton
spectrqscopy, and overall the technigue is less sensitive by a factor of

about 6000,

B. The Use of Pulsed Fourier Transform

Pulsed Fourier transform techniques can be used for all forms of
nuclear resonance spectroscopy, but they are particularly uscful in
combating the low sénsitivities encountered with carbon-i13 n.m.r, A
conventional n.m.r, spectrometer irradiate=:the sample with a continucus radio-
frequency wave and recoirds absorbtions from this wave asz a functicn of
frequenéy; only one type of carben enviroment is cxcited, and hence
observed, at any given time.

However, if the sample is irradiated with a shorts.high power, radic-
frequency pulse, then it is possible to excite all the carbon nuclei, in their
various environments, at once, The emissions of radio-frequency waves,
as the system relaxes, may then ﬁe observed. If there is only one type of
nucleus in the sample, then this emission will be of a single frequency,

with the intensity falling with time, as shown.

Field

/\ /\ L~

///f Time

o
DUty
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In practice, where there are several types of nuclei, several different,
but similar, emission frequencies are observed and beat patierns are
produced. The mathemtaical operation of Fourier transformation, for which
computer_facilities'are required and which isolates the component frequencies
from a complex wave form, allows these results to be presented . in the more
familiar curve of absorbtion against frequency. R

This technique is pulsed Fourier trénsform spectroscopy; its value
lies in the fact that it takes less time .to record the whole spectrum once
by this technique, than it does by the continuous wave method. The spectrum
is normally recorded many times and summed to improve the signal to noise
ratio. Fourier transform allows as good a signal to noise ratio to be
achieved in less time than is required in a continuous wave experiment, or
if the same time is spent on recording the same spectrum by the two methods,
then the signal to noise ratio for the Fourier transforin spectrum will be

greater by a factor of about 10,

C. The Nuclear Overhauser Effect and Spin-Spin Coupling

As mentioned in section 2.1(A, the excess of population in the ground
state, relative to the exci£ed state, is-very small for carbon-13 nuclei,
anq methods of relaxation from thé excited state are important, to prevent
the sample from becoming rapidly saturated. An important relaxation method
is through interaction between the dipole of the carbon-13 nucleus and the
ﬁipoles of adjacent nuclei; interaction with protons is most important,

13

When a C n.m,r,. experiment.is being carried out, it is usual to excite all

the protons by a broad band radio-frequency field, for two main reasons,
First, the disturbance of the protons increases the efficiency of the

dipolar relaxation of carbon-13 and leads to a signal enhancement, known as

the Nuclear Overhauser Effect, The increased relaxation efficiency can be

pictured as arising from the tendency ftor carbon-13 nuclei and protons to be
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spin paired, The signal enhancement is greatest as the number of protons
directly bonded to a carbon atom increases, and this effect means that the
. . : . 13 .
integration of peak areas in a C n.m.r. spectrum does not provide very
meaningful information on the relative numbers of different types of carbon
atcins present.

. . . 13 1,; . .

Secondly, all spin-spin coupling between C and "H is destroyed and the

13 . N ' 13 .

C spectrum is greatly simplified. Normally, C spectra show no coupling
between two or more carbon-13 nuclei either, beéause of the low natural
abundance, which makes it unlikely that two carbon-13 nuclei will be present
in one molecule and able to couple. The only spin-spin coupling which is
normally seen is that between carbon-13 and other spin % nuclei, such as

fluorine-19.

D, Features of Chemical Shifts

In'a proton n.m.r, spectrum, it is usual to obtain structural
information from the chemical shifts, peak areas and spin-spin coupling.

As mentioned in section 2,1.C, peak areas and spin-spin coupling are not
very useful in carbon-13 observations and much greater emphasis is placed
on chemical shift méasﬁremeﬁts.

These cover a much wider ranbe thap do proton shifts (about 200 p.p.m.
for organic compounds) are are normally measured relative to the same
standard, tetramethylsilane. Most shi.fts are downfield from T.M.S. and

Adownfield shifts are quoted as positive, which is the same convention as

that usually used for protons, but the opposité conventién to that usually
used for fluorine-19 nuclei. Generallx, carbon atoms which absorb at low
field in the 13C spectrum, carry protons which also absorb at low field in
the 1H spectrum, so that aromatic carbons are further downiield than olefinic

carbons, which are Turther downfield than paraffinic carbons. .
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2.2 [lLarlier 3C N,M,KR, Observations on Chloroaromatic Compounds

There has been very little work reported on highly chlorinated compounds,
because of the difficulties of assigning absorbtions to particular carbon
atoms when there is no spin-spin coupling. It is, however, possible to
assign the peaks of hydrogenated compounds by only partially removing the

spin-spin coupling and recently spectra of perchlorocarbons have been

. . . . ’ 0!
assigned from the couplings in their monohydro analogues. ¥

A, Chlorobenzenes and Substituent Chemical Shifts

Benzene itself has, of course, only one type of carbon atom in the
205
n.m.r. spectrum, but chlorobenzenz has four tlypes. These may be
assignéd from the partial coupling to hydrogen, and the changes in chemical
shift of the varjous carbon atoms in the ring caused by the replacement of

205

C-H by C-Cl1l can then be calculated, These changes e known as

substituént chemical shifts and their values are:

Carbon Atom Shift p.p.m,
Carbon Substituted +5:63
Carbon Ortho ' : +0:05
Carbon Meta . +1+43
Carbon Para - -1-86

Positive values indicate that, according to the convention used here,
absorbtions are at lower field than in the unsubstituted compound,

Using the known chemical shifi for benzene and these substituent
chemical shifts for the replacementi of C-H by C-Cl, the spectra of ortho
dichlorobenzene and meta dichlorobenzene havé been calculated and compared

. - 205 ' . .
with the observed spectra. -~ Generally the agreement is quite good, tec

within less than 1 p.p.m.
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B. Chloropyridines and Chlorodiazines

The 3C n.m.r. spectra of pyridine, pyridazine, pyrimidine and pyrazine,
have all been measured and assigned by the partial couplings to hydrogen

. 206 . . .
nuclei. Although the substituent chemical shifts for the replacement
of C-H by C-Cl given in section 2,2.A, were for carbocyclic aromatic
compounds, they have been applied to predict the spectra of pentachloro-

Lo R .. 207 . .
pyridine and all the tetrachlorodiazines, using the assigned specira
" of the parent hydrogen compounds., When these-predicted spectira are
. . 207 . . . .

compared with the observed spectra, which cannot be directly assigned,

the agreement is sufficient to allow full assignments of the observed spectra

to be made.

2.3 Work on Chloroquinolinas and Chloroisoquinolines

A, Heptachloroquinr.iine

The 130 n.m.r. spectrum of quinoline has been measurced and completely
. : Y . 208 : ) ‘
assigned, using partial spin-spin couplings. Using this spectrum, and

the substituent chemical shifts for the replacement of C-H by C.C1

205 13C

measured from benzene defivatives, it is possible to predict the
- n.m.r. spectrum of heptachléroquinoline. This predicted spectrum is
compared with the observed Spectfum in Table 4-3, The peaks are arranged
in order of increasing chemical shift downfield from T.M.S. (but taken as
positive), and the integration of the observed spectrum is expected to be
more accurate than is normally the case in 130 n.m,r., because there are no
hydrogen atoms in the molecdle. |

As there are only eight peaks in the observed speéirum, one of fhese
must correspond to two carbon atoms which have almost identical chemical
shifts and, fr;m the integration, it is clear tha peak e must be the one

which corresponds to two carbon atoms. Although the correlation between the

predicted and observed spectra is not very good; it is possible to make some
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TABLE 4.3
13

Calculated and Observed C N.M.R, Chemical Shifts for Heptachloroquinoline

Calculated ' Observed
Ring;Position Shift p.p.m. Peak Shift p.p.m. Integration
3 126+5 a 1234 27
10 127+3 b . 127-8 ) 22
5 1329 . c. = 1315 19
6 1334 a 132+7 19
8 © 1345 e 135:5 61
7 1363
L ' . 142-8 | f ) 1412 26
- 9 TR 2 ' g ' 1415 18

2. 157 % h 150:6 ' 14

|

l assignnents of the observed spectrum from this table, For example, peak h

‘ is the only one with anjthing like as great a chemical shift as that
predicted for the 2-carbon atom, so peak I may be assigned as being due to
that carbon atom. The fullest assignment which can be made with reasonable

certainty is shown below.

c and d a and b

f and g o .

B, Hexachlorodiethylaminoquinoline

\ 13 .
The observed “C n.m.r. spectrum of the monosubstituted compound

obtained by reacting heptachloroquincline with diethylamine is given in




$
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Appendix 3. The carben atems ol the ethyl groups would be expected to
absorb at a completely different chemical shift position from that of the
aromatic ring carbon;, and are the two peaks at 13:0 p,p.m. (corresponding
to the methyl groups) and at 44-8 p.p.m. (corresponding to the methylene
groups).

6b§ervations on aminochloropyridines have allowed substituent chemical
shifts for the replacement of C~Cl by C—_Nil2 in highly chlorinated rromatic

207

systems to be measured, and the values obtained are:

Carbon Atom Shift p.p.m.
Carbor Substituted + 8edy
Carben Ortho ~-12.8
Carbon Meta - 2:6
Carbon Para ~ =11

Usin§ these shift values, and the partiaily assigned spectrum of hepfachloro—
quinoline, the predictgd sbectra of the various hexachlorodiethylamino.
quinolines may ﬁe caléulated, as is done in Table -4, which aiéo gives the
observed spectrum of the riﬁg carbon atoms.

As can Be seen, the observed';ﬁectrum hes a peak with a greater
downfield shift than heptachloroquinoline itself, and this is only true of
the predicted spectium for the zudiefhylamino compound, The 13C ne.m,r.
evidence the;efore tends to ident;fy this compound as hexachloro-2-
diethylaminoquinoliﬁe. The.correlation between the ohserved and predicted
spectra is not very good and this limits the extent to which the observed
spectrum can be assigned. This pobr correlation is partly due to the
fact that the spectrum of heptachloroquinoline itself is not completely
assigned, But it also suggests ‘that substituent chemical shifts for the

replacement of C-Cl by C-NR_  vary auite considerably between hi
ot



chlorinated pyridines and highly chlorinated guinolines,

1 .
Calculated 3C N.M,R, Chemical Shifts for Various

Diethylamino Hexachloroquinolines

Position of Diethylaminc

. Substituent . -
Ring '
Carbon Atom - 2 5 -4 5 6 7

' 2 159 138 148 150-6  150:6 150:6  150:6
3 113 133 112 125 125 125 125
L 138 127 149 141 141 141 141
5 | 132 132 132 140 119 129 121
6 Co132 0 132 132 119 140 119 129
7 " 135+5 i35°5 1355 133 124 1y 123
8 © . 135+5 '135.5 135+5 124 133 124 1ide
9 138 130 138 138 130 138 130
10 11k iéz 112 112 122 114 122
Observed Spectrum
Pealc .a b ' c ‘ d e f g ~h i
s?;fi' 119:5 121:9  127-3  128:9  130-3  133:5 1396  141-3  155-1

The assignment of the observed spectrum of hexachloro-2-diethylamino--
quinoline can thus only be very partial, and the figure below shows all that
can be stated with reasonable certainty.

a and b

130 p.p.m.

Il +8 pep.m.
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C. Heptachloroisoquinoline

As in the case of heptachloréquinoline, a prediction of the spectrum of
“heptachloroisoquinoline may be made from the assigned spectrum of iso-
. . 208 . . . . ’
quinoline, and substituent chemical shifts for the replacement of C-H by
C-Cl. This predicted spectrum is compared with the observed spectrum in

_ Table 4-5,

TABLE 4-5
13

Calculated and Observed C N.M.R, Chemical Shiftis for Heptachloroisoquinoline

Calculéted Observed

Ring Position Shift p.p.m. Peak Shift p.p.m. Integration
b 124-0 a © 123-5 76
5 131-5 : b 1245 89
8 , 132+6 c 128-7 91
7 | C 134s2 d ’ 130-1 89
9 - 134-8 e | 13449 98
6 13743 | £ 135-8 88
10 w51 g 1397 | 65
3. 1465 h 146-2 220
1 1577 |

As with heptachloroquineline, one of the observed peaks must account for
two ring carbon atoms, and integration clearly shows that this must be peak h.
A tentative partial assignment of the observed spectrum can be made as shown

below,
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The limitations of this method of calculating a predicted spectrum are
illustrated by the difference of 11+5 p.p.m. between the true shift of the

1-carbon atom, and its calculated value,

D,  Hexachlerocmethoxyiszoquinoline

Yt is unfortunate that 13C n.m.r. spectra have only been measured on a
diethylamino substituted quinoline, and a methoxy substitﬁted isequinoline,
but this was because of the difficulty of preparing or purifying sufficient
amouﬁts of other derivatives. .

The observed 13C n.m.r, spectrum of the monosubstituted compound,
Abtained by reacting heptachloroisoquinoline with one equivalent of methoxide
ion, is given in Appendix 3. Ciearly, the peak at 54'7.p.p.m. corresponds
to the carbon atom of the methoxy group, and the other peaks are due to the
ring carboﬁ atoms,

Obsérvations on methoxychloiopyridines have allowed substituent chemical
shifts for the replacement of C-Cl by C-OCH3 in highly chlorinated aromatic

QO .
systems to be measured, and the values obtained2 7 are:

Carbon Atom - Shift p.p.m.
Carbon Substi?uted‘ +23+8
.Carbon Ortho - o -14+9
Carbon Meta - - 0'11
Carbon Para C 601

Using these shift values, and thé partially assigned spectrum of heptachloro-~
isoquinoline, the predicted spectra of the various hexachloromethoxy-
isoquinolines may be calculated, as is done in Table 4-6, which also gives
the observgd spectrum of the ring carbon atcms.

When compared with the observed spectrum, none of these predicted

spectra correlates very well, but there are twe features of the predicted
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13 . - .
Calculated ’c N.M,R, Chemical Shifts for Various

fethoxy Hexachloroisoquinolines

Position. of Methoxy

“‘~\\\ Substituent
Ring \‘-\\\\\\\\
Carbon Atom 1 3 A 5 6 7 8
. —
1 1700  146:1 140;1 1462 1462 1462  146-2
3 - AkG-1  170-0  131-3  146-2. 146:2  146:2  146:2
b 117+4 1086  147-3 123-5 123:5 123*5 1235
5 : 125 125 125 149 110 125 119
6 132 132 132 117 156 117 132
7 132 132 132 132 117 156 117
\ 8 125 125 125 119 128 110 149
9. ' 117-1 1279 132 132 126 132 117
10 . 139:6 139:6 1248 125 139¢6  133-6  139-6
Observed Spectrum
Peak a b c - d e f g h i
s?;fi' 113-0  11h-7 1252 127+3 1304  131:2  135:6  142:5 1531

spectrum for the 1-substituted compound which make it correlate better than
any of the others. First, there is a peak in the observed spectrum at a
significantly greater shift than any peak in heptachloroisoquinoline itself,
and secondly there are two peaks between 110 and 120 p.p.m. Only the
predicted spectrum for 1-substitution has both these features, so the
‘compound may bé tentatively identified as hexachloro-1-methoxyisoquinoline.
The partially assigned spectrum would then be as shown below:

,,a;”’j::gjﬁk\\g//‘kk§1h

¢ and df:::9 and £ €1 !
\

/

a and b QCH
' 0\33 5L+7 p.p.m,
\\\-__- /’
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k., General. Conclusions

13

C n.m.r, spectra of chlorinated quino]ineé and isoﬁuinolines have
alloved some tentative assigmments of structure to be made, but all
correlations bhetween prédicted énd observed spectra are rather poor, and

the highly tenuous nature of the assignments makes it unlikely that 13C
n.m.r. will be a very valuable tool fcr structural measurementis in perchloro-
aromatic compounds. It is desirable thét spectra of a wider ranaes of
materials should be bbfained, anq that an improved method for calcuiating

predicted spectra should be devised.

2.+ Connection with Octachloronaphthalene

A, Work on Hexachlorobenzene and Pentachloropyridine

Thé method of predicting spectra of highly chlorinated heterocycles
from the known spectrum of the parent heterocycle, and from substituent
chemicalishifts for the replacement of C-H by C-Cl, has besn seen to have
several difficulties,

An alternative approach is to comparc the kncwn and assigned spectyra
of hexachlorobenzene and pentachloropjridine, and so calculate substituent
chemical shifts for the replacement of C-Cl by N, in highly chlorinated

‘ 207

aromatic systems, and these shifts are given below.

Carbon Atom Shift p.p.m.

Carbon Ortiho 12-9
Carbon Meta - L0
Carbon Para 110

When these values, and the known spectrum of hexachlorobenzene, are used to
calculate the spectra of the tetfachlorodiazines, the predicted spectra
generally agree with the observed spectra rather better than do spectra

predicted by the other method.



It may be that comparison of octachloronaphthalene with heptachlorc-
quinoline and heptachloroiscquinoline, will allow fuller assignments of

the spectra of substituted chloroguinolines and chloroisoquinolines to be

made.

B, Comparison between Octachloronaphthalene and Heptachloroquinoline

13

The observed C n.m,r. spectrum of octachloronaphthalene is given

in Table 4-7,

TABLE 4-7

Sy _ .
Observed jC N,.M,R, Chemical Shifts for Octachloronaphthalene

Peak Shift p.p.m. Integration
a 128-9 59
b 129+6 24
c 1352 97

Peak b can clearly bhe assigned to tﬁe 9 and 10 carbon atoms because of its
lowver integration, but a means of assigning the other two peaks is not
immediatelylobvious. Howeﬁer, there are only two possibhie alternatives
and, taking each in turn and using the substituent chemical shifts for the
reblacement of C-Cl by N given in section 2.4.,A  two predictions of the
spectrum of heptachlorequinoline may be made. Only when peak a corresponds
to the 1-cafbon atom is a reasonable chemical shift for the 2~carbon atom
of heptachloroquinoline'obtained, s0 the spectrum of octachloronaphthalene

may be completely assigned as shown below:




1.
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Since the spectrum of heptachlioroguinoline has already been partially
assigned, and the shift position of each carbon atom is known to within
about 1 p.p.m., it is possible to calculate substituent chemical shifts for
the replacement of C-Cl in octachloronaphthalene by N, to give heptachloro-

quinoline, and the results are given in Table 4-8.

TABLE 4.8

Substituent Chemical Shifts for the Replacement of C-C1

by N to Give Heptachloroquinoline

5 L
10 «
= AN 6 - 3
—_N C
I —— . Cl C1 5
\\\~ _ ’//’ RN
8
Carbon Atom Shift p.p.m,
2 _ 4154
N +12
5 + 3
6 ‘ -3
7 + 03
8 - 66
9 ~12
10 +5 -

It is noticeable that there is quite a large difference between these
values and those for the replacement of C-Cl by N, obtained by comparing

hexachlorobenzene and pentachloropyridine,



C. Compariscn between Cctachleronaphthalene and Heptachloroisoguinaline

If the fully assigned spectrum of octachloronaphthalene is similarly
compared with the partially assigned spectrum of heptachloroisoquinoline,
the shifts for the replacement of C-Cl in octachloronaphthalene by N, to
give heptachloroisoquinoline, may be calculated, and the results are given

in Table l.t—() .

TABLE L-9

Substituent Chemical Shifts for the Replacement of C-Cl

hy N to Give Heptachloroisoquinoline

5 L
S € "0/\3
Cl _— (63}
§\\<$*’
8 1
Carbon Atom Shift Pp.p.m,
1 +17-3
3 +11-0
L - 54
5 . -3
6 -2
7 -2
8 -3
9 + L -
10 +10+1

Again these values differ quite considerably from those for the
replacement of C-Cl by N, obtained by comparing hexachlorobenzene with
pentachloropyridine, or by comparing octachlorcnaphthalene with heptachlorc~

quinoline,



D. Substituted Chlorinated Quinolines and Iscquinolines

It is likely that the substituent chemical shifts for the replacement
of C-Cl by N, given in Tables 4~8 and h—9, will not vary much if one or
two chlorine atoms are replaced by some othgr group. Hence, if mono-
substituted'or disubstituted octachloronaphthalenes could he prepared and
their spectra assigned, quite accurate predic{ions of the. spectra of thne
corresponding substituted quinolines and-isoquinoline; could probably be made,
This should be an aid in assigning the spectra.of substituted heptachloro-
quinolines and heptachloroisoquinolines, so it is desirable to.carry out some

substitution reactions on octachloronaphthalene.

. 3., . Substitution Reactions of Octachloronaphthalene

Klingsberg has remarked that no simple nuclecphilic substitution
. . . 101 o -
reactions of octachloronapiithalene have been reported, and it may be
that this is because octachloronaphthalene is rather inert, like hexachloro-

benzene,

3.1 Reaction with Methoxide Ion

Octachloronaphthalene was completely unaffected by methoxide ion in
methanol even when the conditions were made as vigorous as possible, by

using high temperatures, high pressures, and lecng reaction times.

- 3,2 Reaction with Amines

A, Reaction with Diethylamine in Sulpholane

Octachloronaphthalene was also completely unaffected by diethylamine

in sulpholane as solvent and using fairly forcing conditions,

B. Reaction with Excess Diethylamine

When octachlorcnephthalene was refluxed for a prolonged period with
excess diethylamine to try and persuade nucleophilic substitution t¢ occur,

reductive dechlorination occurred instead, and a mixture of non-fullv

-~J



chlorinated naphthalenes was obtained.

Lt NH

C C : >
1 1 Reflux/ 120 h,

This is another example of reductive dechlorination competing successfully

with substitution, presumably by the mechanism described earlier,

involving electron transfer tc the aromatic systen,

C. Reactioﬁ with t-Butylamine

t-Butylémine is a ver& sterically hindered molecule so it would be
expected, like diethylamine; to give reductive dechlerination, and reaction
is quite likely té be rather slov, This is indeed so, fer, when octachloro-
naphthalene .was reacted with t-butylamine under fairly.f3rcing conditions,
a lot of starting material was recovered, as well as some heptachloro-

naphthalene,

D, Reaction with Ammonia

As ammonia is the smallest molecule which may be classed as an amine,
it is the amine most 1ikelf to give a substituiion reaction with octachloro-
naphthalene. . In practice, when ‘octachloronaphthalene was reacted with
exéess ammonia a mixture of heptaéhloronaphthalene and aminchexachloro-

"naphthalene was obtained, indicating that reductive dechiorination occurs

first and that the product undergoes a nucleophilic substitution reaction.

H '
NH _ NH
c1 -3 @ —35 l ‘/J C1 H(KH,)
< ~&

e

The aminohexachloronaphthalene was the main conponent of the mixture and it

wvas isolated, but the orientation of the various groups is nct known.



3.3 Reaction with Lithium Diethylamide

’

A; the diethylamide anion is such a powerful nuclecphile, it should be
more likely to effect substitution of octachloronaphthalene than almost
anything else, However, when octachloronaphthalene was reacted with lithium
diethylamide, a lot of decomposition occurred and the only identifiable

material obtained was unchanged octachloronaphthalene, in very low recovery.

3.4 Conclusion
It has not so far been possible to prepare any siwmple substituted
octachloronaphthalenes for 13C n.m.r. measurements. It has therefore not

been ﬁossible to use such compounds to help make assigmments of the spectra

of chlorinated quinolines and isoquinolines.
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CHAPTER V

Perfluoro-5,6. 7. 8-tetrahydroquinoline and -isoquinoline:-

The Mechanism of Their Formation and Some of Their Properties

1, Introduction

1,1 Preparation of Perfluoro-5.6,7.8-tetrahydroquinoline and -isoquinoline

o B 210
209 and heptachloreisoquinoline 1

The reactions of heptachloroquinoliﬁe
with potéssium fluoride in an autoclave, which are the standafd syntheses of
heptafluoroquinoline and heptafluoroisoquinoliné, alsc produce small amounts
_ of more volatile'pfoducts. In each case, the amount of more volatile
products may bhe increased by faising the temperature, and these products may

"be isolated and shown to be perfluoro-5,6 7 8-tetrahydroquinoline and

perfluoro-~5,6,7, 8-tetrahydruisoquineline.

A
> r F
550 C/17 h, Z
N
e )

joo
OO = OO0

A 4

500°C/22} h. 2N
Perfluoro-S,G,7,8-tetrahydroisoquinoline has also been prepared by fluorination

. _ o
of heptafluoroisoquincline with cobalt trifluoride,21 or by reaction of

tetrafluoro_q-nitrbpyridine with tetrafluoroethylen.e.z11

1.2 Iarlier Work on Possible Mechanisms of Their Formation

The formation of perfluoro-5,6,7,8-tetrahydroquinoline, during the
autoclave fluorination of heptachlorcquineline, has been quite extensively

209

investigated, and similay results probably apply to the analogous

isogquinolince reaction. Thie mechanism tentatively proposed involves the



initial fluorination of heptachloroquinoline to heptafluoroquinoline, which
can then react with chlorine which is present in small amounts because of
thermal decomposition of chlcrinated compounds. The chlorine adds to the
carbocyclic ring, giving a material which may either dechiorinate back to
heptafluoroquinoline, or halogen exchange. Chlorination followed by
halogen exchange would form the perfluorou5’6,7’8—tetrahydroguinoline which
is observed experimentally. The overali reaction scheme is as showh in
Figure 5-1, and the evidence in support of this mechanism may be summarised
as:

(i) Autoclave fluorinations of chlorinated compounds produce
considerable amount of chlorine.

(ii) When chlorine is reacted with heﬁtachloroquinoline, in the
presence of potassium fluoride, no volatile producis arec obtained,

(iii) Chlorine reacts readily with heptafluoroquinoline in a light-
induced radical process, to give 5,6,7,8-tetrach1oroheptafluoroquinoline.

(iv) Reaction of 5,6,7,8-tetrachloroheptafluoroquinoline with
potassium fluoride in an autoclave under particular conditions gives almost
the same product mixture as from.the reaction of heptachloroquincline with
potassium fiuoride undér the same conditions, |

It has been suggestedzo9 that if 5,6,7,8-tetrachloroheptafiuoroquinoline
.could be converted to perflqoro-S,G,7,8-tetrahydroquinoline by halogen
exchange in'a solvent, this would provide additional evidence for this
mechani sm. If the formation of perfluoro-5,6i7’8—tetrahydroisoquinoline in
-an autoclave inﬁolves the same mechanism, then it shouid be possibile to
prepare 5,6;7}8~tétrachloroheptafluoroisoquinoline and convert this to

perfluoro_S,G,7,8-tetrahydroisoquinoline by halogen exchange in a solvent,
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1.3 Earlier Work_on Reactions of Perfluoro-5.6 7. 8-tetrahydroquinoline

4

Nucleophilic substitution is the reaction which has been most studied,
and this is of some thenretical interest because the substrate may be
regarded as a dialkyl pyridine, and the orientation of substitution might
be influenced by this.

o 212 - - .

It has been found, that the 2~ and k-positions are of similar
reactivity for, when reacted with one equivalent of methoxide ion, both 2-

.-

and L-substituted systems are obtained.

Me0~ /MeOH

F i ) MeO /MeOll,
(o]
15°C
\\N

A similar reacticn has been sbtained with aminonia and, with methoxide ion,

OMe

disubstitution is feadily uchieved,

F
P P 2MeQ” ﬁMeOH
15°¢ OMe
2. Mechanistic Investigations

2.1 Tluorinations of 5.6, 7 8-Tetrachloroheptafluoroguinoline and -isoquinoline

A, Preparation of Starting Materials

(i) 5,6,7.8-Tetrachloroheptafluoroquinoline, Thie was prepared by

213

the method used earlier, which was the reaction between chlorine gas and

heptafluoroquinoline, under the influence of ultra-violet light.

NN
/\ c1 /u.v.
T F 28] >
: 1e
\\\/‘\

> N~
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(ii) 5,6,7.8-Tetrachloroheptafluoroisoquinoiine. Reaction hetween

chlorine gas and heptafluoroisoquinoline, under the same conditions as those
used for the preparation of 5,6,7,8-tetrachloroheptafluoroquinoline; gave
only partial reaction, and a lot of starting material was recovered,
However, it was possible to obtain pure 5,6,7,8-tetrachloroheptafluofon

isoquinoline by more prolonged irradiation, followed by vacuum transfer.

It is not at all clear why the carbocyclic ring of isoquinoline should be

less susceptible to radizal addition than the carbocyelic iing of guinoline.

B. ' Fluorination at Atmospheric Pressure

(i) 5,6,7,8-Tetrachlorcheptafluoroquinoline, Drv caesium fluoride was

used as the reagent, since the reaction was only carried out on a small
scale and this is the meost active reagent available. - lnitially sulpholaue
was used as the solvent, but this-was not a successful method because the
product and solvent had similar velatilities and separation was very
difficult.

Now caesium fluoride is not very soluble in sulpholane, and it is
believed that reaction occurs on the surface of the solid, where the
sulpholane solvates the caesium ions, leaving the fluoride ions rclatively
free and reactive, If this is so, caesium fluoride impregnated with a
little sulpholane should be a useful fluorinating agent, and it was tried here.

Reaction between the liquid 5,6,?,8utetrachloroheptafluoroquinoline and
sulpholane doped caesium fluoride gave a mixturz, which the mass spectrum

showed was.a mixture of partially and fully fiuorivated compounds,



less fully

F + .
UﬁfJ fluorinated
SN materials

CsF/suLpholane\

160°c/24 n.

From this mixture it was possible to separate perfluoro-5=6,7,8-tetrahydro-
quinoline, so this experiment has also demonstrated the feasibility of using

sulpholane doped caesium fluoride as a fluorinating reagent.

(ii) 5,6,7,8-Tetrachloroheptafluoroisoquinoline, Fluorination of this
liquid compound was also attempted by stirring with sulpholane doped
caesium fluoride and, as in the case of the quinoline ring system, a

mixture of partially and fully fluorinated compounds was produced,

Ci F

CsF/sulpholane\
160°C/24 h.

less fully
flucrinated .
materials

_ Separation of a sample of perfluoro-5,6,7 8-tetrahydroisoquinoline was

achieved by‘preparative scale vapour phase chromatography.

C.  Conclusions

The conversion of 5,6,7,8-tetrachloroheptafluoroquinoline to perfluoro-
5,6,7,8-tetfahydroquinoline, by halogen exchange in a solvent, provides
further evidence for the proposed mechanism of the formation of_the latter
during autoclave fluorinations of heptachloroquinoline, The preparation of
5,6,7,S-tetrachloroheptafluoroisoquinoline, and its conversion to perfluoro-~
5,6,7,8-tetrahydroisgquinoline, suggest that a similar mechanism may apply
to the isoquinoline ring system.

However, it is not immediately clear why these halégen exchange reactions

occur at all, for simple SNZ displacenent of chlorine by flucrine at an sp3
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hybridised carbon is difficult. It is possible that reaction occurs via

attack in the heteroaromatic ring, as is shown below for the case of

quinoline.

- i) S
F ’:\ 2 1

Alternatively, replacement of all the chlorine atoms may be achieved by
migration of the @ouble bond around the carbocyclic ring, as is shown in
Figure 5-2, The initial atéack in the heterocyciic ring could occur in
anotﬂer position and. it is c1ear-that, by this kind of process, all the
chlorine atoﬁs can be replaced by fluorine, with only aromatic and vinylic
attack occurring. A similar mechanism is obviously possible for the
isoquinoline.ring system and such a mechanism has been proposed for the
easy preparation of octafluorocyclopentene frorm octachlorocyclopentens by

. 214
halogen exchange in a solvent. .

- X1/ 200°C -
N-methyl~2-pyrrolidone

If this is the mechanism for the conversions of 5,6,7,8-tetrachloro-

heptafluoroquinoline and -isoquinoline to perfluoro-5,6,7,8-tetrahydroquinoline
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FIGURE 5-2

r .
1o U
r F + F_ -Cl —35n
C1 )(
N
F C1

é_"‘:"—"
-C1
/’\\
> r F
/
\N/

and -isoquinoline, then a molecule like 1,2,3,4,5,G-hexachlorohexafluoro-

cyclohexane should be completely unaffected by the same fluorinating agent,

2.2 Fluorination of 1,2_34&,5;G-Hexachlorohexafluorocyclohexane

A.  Preparation
This compound was prepared by reaction between chlorine gas and

hexafluorobenzene, under the influence of ultra-violet light, as described

-, , . 215
in the literature, ~

F cC1
C1 A F
Clz,/i.i,v._ r ]<Cl
- 18 > Cl. r
3 h, , /k:
¥ - *C1
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B. Reaction with Sulpholane Doped Caesium Fluoride

Reaction.bf 1,2,3,&,5,6-hexach1orohexafluorocyclohexane with
sulpholane doped caesium fluoride, under the same conditions as those
needed for the fluorination of 5,6,7,8_tetrach1croheptafluoroquinoline and

-isoquinoline, gave no reaction.

CsF/sulpholane
160°C/24 h,

No reaction

This provides further evidence that the fluorinations of the quinoline and
isoquinoline compounds proceed by a mechanism, such as that given above,

2 displacement.

which does not involve simwnle SN

3. Reactions 61 Perfluoro-5,6 7.8-tetrahydroisoquinaline

3.1 JFluorination with Cobalt Trifluoride

As mentioned before, perfluéro-S,G,7,8-tetrahydroiscquinoline can be
obtained from heptafluoroisoquinoline hy fluorinafion ﬁith cobali trifluoride,
so fufther'reqction with this reagent was attempted with the hope of
partially or fully saturating the heterocyclic ring, without ring opening.

The material isolated was a seven component mixture.and its separation was
not attempted, Combined gas chromatography-mass spectroscopy, suggested that

a lot of ring-opening and nitrogen loss was occurring.

CoF, /\
F F —5550> + F rol
N
41\' - ~F
Cr,
~ 3
e I
- CY ' other
E8 Cr Cr i
- grz Ijz products
CF CF
//// 2 3
‘CF
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3.2 Reactions with Methoxide Yon

-A. One Equivalent of Methoxide Ion

Perfluoro-S,G,?,8~tetrahydroisoquinoline reacted with one equivalent
of methoxide ion to give a single monosubstituted product, The
orientation of substitution in this case, and all others, was deduced from

1 . . .
the 9F_n.m.r. spectrum (see section 5 of this chapter, below) and this

product was shown to be B—methoxyperfluoro-S,G,7,B-tetrahydroisoquinoline.

MeO /MeOH
20°C/2 h,

B. Two Equivalents of Methoxide Yon

Tt was possible to readily achieve disubstitution ¢+ perfiucro-5,6,7, 8-

tetrahydroisoquinoline by methoxide ion, and 1. 2-dimstboexyperfluore-5,6,7.5«
A Y ) p YE : 1250,

tetfahydroisoquinoline was obtained alone.

2Me0™/MeOH
Pl
Reflux,/18 h.

3,3 Reaction with Diethylamine

Perfluoro-5,6 7 8-tetrahydroisoquinoiine 1eacted with one equivalent
syl .
of diethylamine in aicoholic solution and gave a single product, which was

3-diethy1aminoperfluoro¢5,6,?,8~tetrahydroisoquiholine;

Et, NH/EtOH

ST T PolT

N
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3.4 Reaction with Hexafluoropropene in the Presence of Fluoride Ion

When caesium fluoride and perfluoro-5,6,7,8-tetrahydroisoquinoline

in sulpholane were stirred under an atmosphere of hexafluoropropene, the

182,183

cxpected polyfluoroalkylation reaction occurred and perfluoro-5,6,7,68-

tetrahydro-1,3-bisisopropylisoquinoline was produced,

C.F,/CslF/sulpholane
36 >

20°¢/2% h.

-

3.5 Reactions with Hydrazine

Hydrazino derivatives of highly halogenated aromatic systems are not
normallf very stable, hut they are valuable intermediates for the
preparation of the corresponding hydro and bromo compounds. Thus aqueous

216,217

copper sulphate replaces the hydrazino group by hydrogen, and cupric

bromide and hydrobromic acid replace the hydrazino group by bromine.218
It was hoped that reaction of pe?f]uoro—5,6,7,8—tetrahydroisoquinoline with
hydrazine, followed by cupric brdmide, would allow a bromo derivatiive to be
obfained, from which a stable organolithium cbuld possibly be prepared,

In practice~it was found that the hydrazino derivative of perfluo;o-
5,6,7,8-tetrahydroisoquinoline was more than usually unstable and darkened
as soon as it was formed, so that noApﬁre products'cou}d be obtained. By
treatmenﬁ with cupric bromide and cupric sulphate, respectiveiy, it was
possible to obtain samples of a bromo and a hydfb derivative in very low yield.
The 19F nni.r'. spectrum of the bromo derivative indicated that it was

monosubstituted in the 3-pcosition.
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NH_NH -H O

3.6 Rationalisation of Orientation

It is apparent that nucleophilic substitution of perfiuoro-5,6,7,8-
tetrahydroisoquiﬁoline is most favoured in the 3-position, followed by the
l-position, which is not the characteristic orientation in isogquinoline
systems, where the 1-position is the most reactive by a large amount. In
fact, it is mechanistically unreasonable to regard the substrate as an
isoquinéline, and it is more probable that it should be thought of as a
dialkyl substituted pyridine, The nitrogen atom of a pyridine ring divects
substitution to the positions ortho and para te the nitrogen atom, bui in
this case the para position is blocked by a perflucfocycloalkyl fragment, so
substitution would be expectéd to occur at the positions ortho to the ring
nitrogen atom., This is wh;t doe; occur, but the influence of the ring
nitrogen atom does not explain why-substitution is more favoured in the
3-position than in the 1-position,

The dirécting influence of-the fluorine atoms would tend to favour
3~substitution, because there is one fluorine atom ortho and one meta to the
point of substitution, whereas there is one fluorine atom para and one meta
to the l-position, and it is believed that ortho fluofine atoms are inore
' 116

activating than para fluorine atoms.

F

* /& l]: P et Nuc
r"o \~ - \\ / N /k\ q
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Steric effects would also favour substitution in the 3-position, so

together with the effect of the fluorine atoms; they explain why substitution
is preferred at the 3-positicn. It is not clear what effect the
perfluorocycloqlkylifragments would have upon orientation, but it is not
expected to be larue enough to direct substituticn away from tane 3-position,

and this is not observed experimentally,

4, Reactions of Perfluoro-~5,6,7.8-tetrahydroquinoline

Treafing this_compound, too, as a dialkyl substituted pyridine, the
poSitiqns which are activated to nucieophilic attacic by the ring nitrcgen
~atom are the 2- and L-positions.

When substitution occurs in either position there is one flusrine aton
ortho,_and one meta, tc the point of substitution, so the Tluorine atoms are
n;t likgif.to direct pucledphiles preferentially to one of these pesiticns,
As in the case of the isoduinoline analogue, the orienting iniluence of
the perfluorocycloalkyl fragments is unclear, but steric effects would
clearly cause 2-substitution to he favoured over L-position,

As described in section 1,3, substitution of perfluorn~5,6,7,8-tetrau

hydroquinoline by simple nucleophiles occurs in both 2- and L-positions at

a similar rate, This is consistent with the above predictions, and shows
that the combination of orienting factors arising Trom the pnrfluorocvclo-
alkyl fragments and steric effects, is not very large,

A reaction of perfluoro-5,6,7,8-tetrahydroquinoline with hexafluoroc-
propene in tﬁe preszence of fluoride ion was attempted, and perfluoro-

5,6,7,8«tetrahydron2,&-bisisoprapquuinoline was produced,

'CF CF
: S\CF
e NS .
PR N ,/”£§;
\\ﬂ \<j T,/Csr,cu>uholanc
o - e
/I'!\, '/) . .—.r\cr\ /'§ 1. IJ P L CF_
\.'_,./ ~. 7\; AV IRT S NS § T ) \ / \ I\' / \C j
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5. 9% N,m.R, Spectra

5.1 Spectra of Perfluoro.5.6,7,.8-tetrahydroguinsline and ~isoquinoline

Table 5-1 shows the spectrum of perfluoro-S,G’7!8-tetrahydroquinoline,
. . . 219
which has already been measured and partially assigned.
Table 5-2 shows the spectrum of perfluoro-S,6,7,8-tetrahydroiso-

quinoline, which has also already been measured and partially assigned,

PABLE 5.1

p N.M.R, Spectrum of Perfluoro-5.6 7. 8-tetrahydroguineline

Shift p.p.m. Assigrmment
72+9 2
. R CF
1088 o
. . CF
1131 5
1182 L
36 CF
1362 o
137 CF
137.0 o

155-8 3
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TABLE 5-2

19F N.M.R. Spectrum of Perfluore-5 6,7 8-tetrahydroisoquinoline

Shi.ft p.p.m. Assignment
65.2 | 1
77k 3
about 110 CF2 5 and 8
1340 CF2 6 and 7
14l 6 b

5.2 Spectra of Substituted Pérfluoro—S,G,Zéﬁ—tetrahydroisoquinolines

A, Simple Substituents

Generally the replacement of one or two fluorine atoms by some cther
group did not greatiy alter’ the chemical shifts of the remaining ring
fluorine atoﬁs, 5o the pogitions £f the substituents could be identified by
comparing the observed spectrum with the known spectruﬁ of the parent -
perfluoro—S,6,7,8-tetraﬁydroisoquinoline.

(i) Monosuﬁstitution. Monosubstitution was shown to be at the 3~

position because the monosubstituted products had no peaks in the region of
\ 77 p.p.m., whereas there were peaks at about 65 p.p.mﬂ.and 145 p.p.m.,
corresponding to the 1- and 4-fluorine atoms, respectively.
-Coupling between the 1- and 4-Tluorine atoms was about 30 Hz., betwezn
‘ -~ and 5- it was about 20 Hz,, and between 1- and 8- it was also about 20 Hz.

so that the i~ and 4-fluorine atoms generally appeared as doublets of triplets,
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Coupling between fluorine atoms in the carbocyclic ring was small and
unresolved, so that the 5- and 8-fluurine atoms appear=sd as doublets of

broad peaks, and the 6. and 7-fluorine atoms appeared as a broad singlet.

(ii) Disubstitution. Digubstitution was shown to be at the 1- and
3wpositions because the disubstituted compounds had'no peaks with a chemical
shift of less than 100 p.p.m,, while the<4—f1uorine atom, with a shift of
about 145 p.p.m., could be seen.

Coupling between the 4~ and 5-fluorine atoms was again about 2C Hz.,
and again coupling around the carbocyclic ring was small and unresolved.
Therefore, the 4;fluorine atom appeared as a triplet, the 5-fluorine atoms

as a doublet of broad peaks, the 6- and 7-fluorine atoms as a broad singlet,

and the 8-fluorine atoms as a broad singlet.

B. Substitutian by Heptafluorocisopropyl Grouss

The spectrum of,the disubstituted compound is consistent with
substitution having occurred in the 1- and 3—positioné, and with the /-
fluorine atom having a much lower chemical shift than in the parent compound,

The fluorine atoms of the trifluoromethyl groups appear as sharp
singlets, indicating that the isopropyl groups are not at all free to

rotate and that the molecule exists in the preferred ccuformation shown

below.

Coupling in the carbocyclic ring is small and unresolved, so that the 6- and

7-fluorine atoms appear as a broad singlet, while the tertiary fluorine in
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the 1-position couples with the 8-fluorine atoms by 76 Hz,, so that the
former is a triplet and the latter is a doublet eof hroad peaks, The
tertiary fluorine in the 3-position couples with the 4-fluorine atom,
making it a doublet, and the 5-fluorine atoms also appear as a doublet of
bread peaks because of coupling to the 4-fluorine atom. The A4-fluorine
atom, which couples with the S-fluorine'atéms and the tertiary fluorine
in the 3-position, is a doublet of triplets, There seem to be some

second order complexities associated with the 5-fluorine atoms.

5.3 Spectrum of Perfluoro-5,6,7.8-tetrahydro-2,4-bisisopropylquinoline

The spectruﬁ of this disubstituted compound is consistent with the
assignment of the two heptafluoroisopropyl groups tc the 2- and L-positions,
Again, there is only small coupliﬁg around the carboé?clic ring, which is
unresolved, but the trifluoromethyl resonances show some complexities,
indicating that there is some hindered rotation of the heptaflueroiso-

propyl groups, but that the most favoured orientation is as shown below,

The tertiary fluorine atom in the L-position couples with-the 5~fluorine
atoms, so that the latter appear as a doublet of broad peaks. The tertiary
fluorine atom in the 2-position couples with the 3-fluorine atom, but
overlaps with the other tertiary fluorine atom, sa that only three rather
broad peaks are seen in the tertiary region of the spectrum., The 3-fluorine

atom appears as an unrasolved complex peak with a wmuch smaller chemical shift
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than in the parent perflucro-S,G,7,8—tetrahydroquinoline. The 6-, 7= and

8.carbocyclic fluorine atcms all apear as broad, unresolved singlets,
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Experimental Work

1. General
1.1 Chemicals

Heptachloroquinoline, heptachloroisoquinoline, heptaflueroqhinoline and
heptafluoroisoquinoline were synthesised by the usual procedures.zo A
simall sample of 9-chlorcoacridine was obtained from Phase Separations Ltd. ,
while 9-acridanone and 7,8-benzoquinoline were purchased from Aldrich
Chemicql Company Inc. Hexafluoropropene was obtained from Peninsular
CheMicél Research Ine., and-hexafluorobenzene from Bristol Organics Ltd.
Octachloronaphthalene-was.donated by 1.C.I. Ltd.

n-Butyl 1itﬁium wvas supplied as, theore{ically, a 7-2M solution in
n—hexané and it was stored under an atmosphere of dry nilrogen. It was
sténdardised by_fhe procedure described in Chaﬁter ITT and section 3.4, of
this chapter.

Potassium fluoriae was dried by heating in fhe air, grinding and then
héating under vacuum, It Qas stored undey an dtmosphere of dry nitrogen.
Caesium fluoride was dried by slowly warming under vacuum and periodically
'grinding in a nitrogen glove bag. It, too, was stored under an atmosphere

of dry nitrogen.

1{2 Soivents
| Suipholane was purified by collecting the middle fraction in a vacuwm
distiliatibn. It was stored above room temperature, under an gtmosphere
of dr; nitrogen, and over type 4A molecular sicve.
' Chloroform was dried by refluxing with phosphorus pentoxide undevr dry
nitrogen and then distiiling onto type 4A molccular sieve; it was stored

~ 4 3 « . S - pos o~ o £ Ayt e s em e s
over this sieve and under an atmosphere of dry nitrogei.
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Methanol was dried by reaction of one litre with 10g. magnesium;
followed by distillation; it too was stored under an atmosphere of dry

nitrogen gas.

1.3 Instrument§

Infra-red spectra were recorded on a Grubb-Parsons 'Spectromaster'
or a Perkin-Elmer 457 spectrophotometer. . The samples were érepared as
discs with potassium bromide or, for liquids or low melting solids, as a
contact film between potassium bromide plates.

Ultra-violet spectra were recorded on Pye-Unicam SP800O or SPB000
5pectr0photometers;

Mass spectra were recorded on an A,E.I, MS9 Spectrometer or on a V.G,
Micromass 12B, fitted with a Pye 104 gas chromatcgrapic and quoted molecular
weights are frgm mass spectroscopic measurements, as are the nmumber of
chlorine atoms in the molecule,

Analytical gas phase chromatography was carried out on a Griffin and
George D6 Gas Density Balance. Preparative scale gas phase chromatography
was achieved on a Varian 'Agrograph‘. For all gas phase chiromatography
measurements the column used was of silicone elastomer on Celite, which is
known as Column 'O!', '

Thin layer chromatographs were recorded on‘thiﬁ'glass plates coated
with an even layer of silica (Silic gel/CT, Reeve Angel Scientific Ltd.),
containing a fluorescing agent, The position of compounds on the plate
was revealed by the way they quenched the fluorescence- normally excited by
ultra-violet 1light.

Proton and fluofine nuclear magnetic resonance spectra were recorded on
a Varian 56/GOD spectrometer at the ambient pirobe temperdture (1.0°C). For
protons, T.M,5. was used as external standard and downfield shifts are

recorded as positive, F'or fluorine, f1 used as
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externpal standard, and upfield shifts aire recorded as positive, Carbon-13
spectra of natural abundance samples were recorded on a Bruker HX90 with
X

Fourier Transform facility. Natural abundance T.M.S. was used as reference

and all shifts are downfield.

1.k Analyses

Carbon, hydrogen and nitrogen analyses were carried out on a Perkin-

Elmer 240 Elemental Anaiyser. Analysis for halogen was a slighfly modified
version of the method described in the 1iterature;4do Sulphur analyses

21 1

. ST . 2
were achieved by a modified form of the oxygen flask combustion method.
Melting points and boiling points were deltermined at atmospheric
pressure and are uncorrected, Boiling points were mgasured'by the Siwoloboff

method,

2, Experiméntal for Chapter I1 -~ Syntheses of Some Perchloroheterocyclic

Compounds Containing Nitrogen

2.1 Preparation of Starting Materials

A, 9-Chloroacridine

-(i) ‘Conversion of 9-Acridanone to 9—Chlo;oacridine. - 9-Acridanone
(60g., 308 ﬁmole), phosphoryl chloride (300g., 180 ml,, 1954 mmcle) and
qghpeqtrated sulphuyic acid (5 mlﬂ) were refluxed together for 4 h. Excess
phééphoryl chléridelwaé then removed by distillation ﬁnder reduced pressure
éﬁq.thé residue added to a mixture of crushed ice (500#.),--880d ammonia
solution (200 ﬁl.) and chloroform (200 ml.). This mixture was Qell stirrea,
£he chloroform layer was separated and the aqueous layer was extracted with
more chloroform (100 ml.). The combined chloroform layers Qere dried with
anhydrous calpigm chloride; after filtration the solveﬁt vas remofed from
the filtrate to éive a bfown solid. | Upon recrystallising .from éthanol,
yellow crystals of 9—chloroacridine, which darkened on standing, were

8 ° . N gy
produced, Yield = 63g., 95%). M.p. 1200C; literature value 119-12O°C.1’*
. R —— A

By the S.R.C. Physico-Chemical Measurements Unit

By the Analytical Services of the Chemistry Department
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(Identification was by a comparison of the infia-red spectrum with that of

the commercial sample).

(ii) Conversion of Dipheﬁylamine-2~caerXylic Acid to 9-Chloroacridine,

Diphenylamine~2-carboxylic acid (509., 235 mmole) and phosphoryl chloride
(2709., 160 ml., 1758 mmole) were refluxed together for 2 h, The
resulting mixture was worked up as in (i) above by distillation and addition

| to ice. (Yield of crude 9-chloroacridine = 35g., 70%).

i. (iii) Prgéaration‘of Diphenylaminefz-carboxylic Acid. .2-§h16robenzoic
" acid (419.,_262 mqole), potassium carbonate (41g.,, 325 mmolg), aniline (155g.,
1666 mmole) and cupric oxide (1g.) were refluxed together for 3 h. The
e;cess aniline wa$ then removed by steam distillation, decoloufising
| ’ charcoal (20g.) was aidwd and the mixture was boiled foxr 15 m. " After hot
filtration, the filtrate was cautiously added, with stirring, to a mixture

of concentrated hydrochloric acid (30 ml.) and water (60 mi.). Pale pink

diphenylamine-2-carboxylic acid was precipitated. (Yield = 54 g., 95%).
_0 . — ipaO~ 17D L .
M.p{ 174—175 C., literature value 179-181 C, Identification was by

molecular weight (213) and infra-red spectrum (N-H absorbtion at 3-0u,

0-H absorbtion centred on 3:5p and C=0 absorbtion at 6:0p)..

B. 6-Ch16rophenanthridine_

(i) Conversion of Diphenic Acid to Diphenic Anhydride. -Diphenic acid

(250g.) and acetic anhydride (75C ml.) were heated at 120°C for;ié li, The
white solid produced after cooling is diphenic anhydride. It was filtered
off, washed with glacial acetic acid and dried under vacuum. (Yield = 210g.,

177

90%?). M.p. 219-2220C; literature value 212°C, Identification was by
molecular weight (224) and infra-red spectrum (no O-H absorbtions, two C=0

absorbtions at 5:68y and 5:77u).

© (ii) Conversion of Diphenic Anhydride to Diphenamic Acid. Diphenic
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anhydride (210g.) and -830d ammonia solution (420 ml.) were refluxed
together until all the solid had dissolved; +this took about 2 h, The
mixture was then cooled and cautiously acidified by adding concentrated
hydrochloric acid, with stirring. Diphenamic acid was precipitated.

ra o! o 9 o 177
(Yield = 175g9., 83%). M.p. 186-188°C; 1literature value 190 C,
Identification was by molecular weight (223) and infra-red spectrum (0-H

absorbtion centred on 3-5u, weak C=N absorbtiion at 4+25p and C=0 absorbtion

at 5-89p).

(iii) Conversion of Diphenamic Acid to &-Phenanthridanone. A solution

of bromine (35+7 ml., 700 mmole) in 10% sodium hydroxide solution (930 ml.)
was prepared; " Then diphenamic acid (1759;, 784 mmole) was dissolved in 10%
sodium hydroxide solution (700 mi.), and the broumine ﬁolution was added
slowly, but immediately. The mixture was allowed tc stand for half an hour
and then concentrated sodiﬁm hydrogen sulphite solu£ion (35 wl.) was added.
The resulting mi&ture was acidified with concentrated hydrochlofic acid

(280 ml.) which caused a brown solid to be precipitated. This was very cruds
6-phenanthridanone, which was filtered off and washed well with water,
Recrystallisation from ethanol produced off white crystals of quite pure

6-phenanthridancne, (Yield = 53g., 35%) . M.p. 282-2930C; literature value

291°C.177 Identification was by molecular weight (195) and infra-red spectrum
(N~-H absorbtion at 3:15u. and C=0 absorbtion at 6:01p), Ultra-viclet spectrum

No. 1.

(iv) Conversion of 6-Phenanthridanone tn 6-Chlecrophenanthridine. 6~

Phenanthridanone (50g.5, phosphoryl chloride (500 ml;’, N,N;dimethylaniline
(20 m1.) and éoncen%rated sulphuric acid (5 ml,) were refluxed together for
3 h, The exéess phosphoryl chloride was then removed by distiiiation under
reduced pressure aud the residue cautiously added to a mixture of crushed icz
(1 kg.), <8804 ammonia solution (500 ml.,) and chloroform (500 ml.). After

well stirring, the chioraoform layer was separated and the aquecus layer
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extracted with more chloroform (100 mi.). The combined chlorofotm layers
wvere dried over anhbydrous calcium chloride and then filtered. The sclvent
was removed from the filtrate to leave a dark residue; when recrystallised
from ‘ethanol, this gave yellow crystals of 6_chlorophenaﬁthridine.

. o .0 C. 0. 171
(Yield = 389., 69%). M.p. 110-112°C; 1literature value 116 C,
Identification was by molecular weight (213 (Cl = 35) with one chlorine atom)

and infra-red spectrum (no N-H, 0-H or C=0 absorbtions, C-Cl absorbtion at

13'211' ]J.)-

2,2 Chlorination Reactions

A.': 9-Chloroacridine

The method used for all successful chloriﬁations was thé same and the
quéntitative differences hetween tﬁe various runs'are'sﬁmmarfsed'in Table
6-1. .'The-mosf economical and successful run was run 3. 'In this run,
-9-chlor6acridine (60gq.) and finely crushed aluminiwn chloride (200g.) were
placéd in a flask titted with a gas inleé, air éondenser_and teflon-bladed
paddle-stirrer. All the apparatus had been rinsed with aeetcne hefore use
.and dried'in the oven. Both befére and during fhe reaction a continuocus
stream of dry ﬁitrogen gas Qas ﬁéssed through the flaslk. The flask was
warmed to 100°C, which caused a $élten complex between 9..chlorcacridine
and aluminium chloride to be fbrmed, and stirriﬁg was bégun, although
initially the complex was very viscous., Stirring was ceontinued for 48 h.
while the témperature was 120-16¢°C and dry chlorine gas (2655.) was passed
into the space above the reéction mixture., TFor a further.&8 h, stirring
was continued with the teméerature at 170-190°C and more chlorine gas (3359.)
was added. |

Dry chloroform (1000 mi.) wvas added to the stirred moltén mixture and

the resulting mixture was refluxed and stirred until most of the material

was in solution. This solution was a deep red colour and, as far as possibie,
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TABLE 6-1

Aluminium Chloride Catalysed Chlorinations of 9-Chloroacridine
Reaction 1 2 3 b 5

Amount of

9-Chloroacridine 35g. . 339. 60g. 459. 20g.-
Amount of ' .

Aluminium 100g. 100g. - 200¢g. 170g. 18Cg.
Chloride . : .

Temperature fi : : '
emperature or.  450-140°%¢  120.150°C  120-160°C  120-150°C  130-150°C
1st 48 h.
Amouﬁt of o :
Chlorine in 1st 2959, 895g. 2659. 500g. 2120g.
48 h. .

Tenperature for

140-160°C ~ 160-190°C  170-190°Cc  160-180°C  160-180°C
2nd'48 h. L .

Amount of

Chlorine in 2nd 480g. 355g9. 33549. 310g. 40q.
48 h. : ’ ‘
Amount of dry 1000 ml. 1500 mi. 1000 ml. 1000 mi. 1000 ml.
Chloroform .

Amount of dry o ' - . ) -
Methanol 500 ml. 1000 ml. 500 mi, 500 ml. 500 ml.
Yield of Nona- 4O% ©.30% 75% - ~ 65% L5%

chlorcacridine

it was handléd only under dry ﬁitrogeh gas. Aftér filtration, the solution
vas cooled to ~10°C and dry methanol (500 ml.), also cooled to -10°C | was
added, This aixture was ;tirred and kept cool until the:red ¢ol§ur had
disappeared and a yellow preéipitate was formed, The precipitgte was fairly.
pure nonachloroacridine. (Yield = 104g., 75%). M.p. 246-249°C,

A Soxhlet extraction was carried out on scme of this material (5g.) in
a thoroughly dried extraction apparatus, using dry chleroform (200 mi.) as

the solvent. After extraction, the chloroform layer was cooled and the
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resulting pale yellow crystals of analytically pure nonachloroacridine were

filtered off. M.p. 251-253°C,  (Found: C, 31:7; N, 3:1; Cl 648%,
C13NC19 requires C, 31-91; N, 2:86; C1, 65-22%). Molecular weight = 485

(c1 ='35, see Appendix 2) with nine chlorine atoms, Infra-red spectrum Mo,

Ultra-violet spectrum No. 2.

B. 6-Chlorophenanthridine

The procedure used for all successful chlorinations was the same;
the quantitative details are given in Table 6.2. Run 1 is typical and is
described here, All the apparatus was dried before using by rinsing with
acetone and drying in the oven; both before and during the reaction it was
continually purged with dry nitrogen gas. - 6uChlorophenanthridiﬁe (42g.)
and finely powdered aluminium chloride (180g.) were placed in a flask fitted
with air condenser, teflon-bladed paddle stirrer and gas inlet, The flask
was warméd to 12000 and the resulting molten complex was stirred. The
temperature was maintained at_120—15000 fér 48 h., while stirring was
continued énd dry chlorine gas (95g.) was passed inte the ;pace ahove the
reaction mixture. The-temperature was then réised for 48 h, to 160-18000;
stirring was,continueé and ﬁore chlorine gas (185g.) was passed in.

Dry chlorcform (1000 ml:) waé added to the stirred molten mixture and
the resultant was refluxed until -all soluble material had dissolved to give
a deep red solution. This solution was handled, as far as possible, only
under dry nitrogen gas. It was filtered, cooled to -10°C and then dry
methanol (750 ml.), also cooied to —1O°Cq was added. This mixture was

stirred and kept cool until the red colouring had disappeared and a yellow

precipitate formed, This was analytically pure nonachloropheranthridine,
without further treatment. (Yield = 70g., 73%). M.p. 255-257°C. (Found:

C, 31:6; C1, 64-7%. C13NC19 requires C, 31.91; Cl1, 65-22%). Molecular

weight 485 (Cl = 35) with nine chlorine atoms. Infra~rad spectrum No. 2.

Ultra-vioclet spectrum No, 3.
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TABLE 6..2

Aluminium Chloride Catalysed Chlorinations of 6-Chlorophenanthridine

Reaction 1 2
Amount of 6-Ch16rophenanthridine L2g. ' 25g.
Amount of Aluminium Chloride : 180g. 120g.
120-~150°C © 130-150%

Temperature for 1st 48 h,

Amount of Chlorine in 1st 48 h, . 95g. _ 15549.
Tempe;"ature for 2nd L8 h. . 160-180°C . 160-180°C
Amount of Chloriné in 2nd 48 h. ' -1859. . 759,
Amount 6f dry Chlorofort ' 1000w}, ;OOO ml,
Amount of dry Methanol ‘ ' 750 ml, 500 ml.
Yield : , ‘ so% . 65%

C. 7 ,8-Benzoquinoline

«

" (i) Aluminium Chloride Catalysed Elemental Chlorination. The apparatus

for the chlorination was finsed with acetone and dried in an oven before use;
before and Quring the reaction it was continually puréed with dry nitircgen
gas, 7,8-Benzoquinoline (50g.) and finely crushed aluminium chloride (180g.)
were placed in a flask fitted with teflon-bladed paddle étirrer, air condenser
and gas inlet. The flask was warmed until a molten éomplex was formed
between the reactants at 15000, whereupon stirring was begun. The
temperature was maintained at 140—1600C for 48 h. while the mixture was
stirred and dry chlorine gas (450gy.) was pasged into the space aktove the

. . . o
reaction mixture, The temperature was then raised to 165-180°C for another



L8 h.>while stirring was contiuued aud more chlorine (135g.) was added.

At the end of this time, the hect, molten mixture'was cautiously noured
onto ice~water (1500 ml.), and well stirred. The reddish-brown solid
obtained by filtration was a mixture of chlorinated 7,8-benzoquinolines,

chiefly pentachloro-?,8-benzoquinoline and hexachloro-?,8~benz6quinoline.

(Yield = 90g., ~85%). M.p. 140-144°C. ~ (Found: 01,'53-2%. C 4N L,
requires Cl, 55.2%. ClBNH&CIS requires Cl, SOiG%)' Identificaticn was
hy the mass spectrum; (Parent peaks gt 383 wifh sixlchlorine atoms and at
349 with five chlorine atoms). ; Infra-red spectrum No. 3.

(ii) TFurther Chlorination with Phosphorus Pentachloride, The partially

chlorinated 7,8-bénzoquinoline$ obtained in section (1) abové {10g.) and
phosﬁhqrus pentachlorids (1509.)‘were scaled in a éteeé auntoclave, wvhich was
then evacuated. The autoclave was placed in a fufnace}-heéted 10 37006,
and heating was maintained at this températuré until €& h, after the
autoclave had originally been put in the furnace. The autoclave was then
vented, allowed to cool,_opened, and the contents were stirred wi{h ice-
water (400 ml.). The solid which was filtered from this solution was crude
nonachlofom?,8~benzoquinoline.

.

A pure sample of nonachloro-7. 8-benzoguinoline was obtained by

sublimation under vacuum. M.p. 209-2110C.A .(Found: Cl, 65-1%, NCi

€130Cig

requires Cl, 65+ 22%. Incomplete oxidation made it impossible to obtain

satisfactory carbon analysis). Molecular weight = 485 with nine chlorine

atoms. Infra-red spectrum No. L. Ultra-violet Spectfum No. .

3. Experimental for Chapter III - Properties of Some Perchloroheterocycliic

Compounds Containing Nitrogen

3.1 Attempted Fluorination Reactions

A, Nonachlorcacridine

47

The gencral flucrination procedurc was the same in all caeses an



quantitative details of the various reactions are given in Table 6--3. Run
L is typical and is described here. Nonachloroacridine (3Cg.) and dry
potassium flﬁoride (200g.) were well mixed and sealed as rapidly as possilble
in a thoroughly dried 120 ml., nickel-lined autoclave. The autoclave was

then evacuated and heated at BSO?C for 18 h,

TABLE 6.-3

Autoclave Fluorinations of Nonachioroacridine

Reaction Amount of _ Amount of Dry ' Reaction Reaction
Nonachloroacridine - Potassium Fluoride Time Temperature

1 25g. : 140g. 24 h, 470°C

2 25¢. : 160g. - 18 h, 350°¢C

3 23g. ‘ 150g. - i8 h. 300°%C

Lo " 30g. ' 2009, . 18 h. 150°C

5 " 30q. . 200g. " 18 h. 400°C

6 30g. : 200g. 18 h. 400°C

7 : 20g. , 160y, 18 h. 100°C

Volatilés‘were then transferred out of the hot autoclave, under vacuum,
into a cold trap. Only materials which were gaseous at room temperature were
obtained in this way. After cooling,'the autoclave was let down to an
atmosphere of dry nitrogen gas; and opened. It wéé found to contain a
powdery black residue, from which iﬁ was attembted-to extract tractable
material in various ways.,

Subliﬁation under 0-01 ;m. Hg. at 1600C gave only very_small amounts
of a material which was chiefly tetrachlorotetrafluoro-9-~acridanone.
(Identified by the mass spactrum, with m/e = 403 and four chlorine atoms).

Some .of the black residue from the autoclave (50g.) was refluxed with

acetone, chlovoform or chlorobenzene (500 ml.) for 2 h, The cooled mixture



was filtered and the solvent was removed Trom the filtrate to give a very
small amount of an orange solid,.which was shown by the mass spectrum to
be chiefly tetrachlorotetrafluoro-9-acridanone.

The rest of the residue from the autoclave was vigorously stirred with

water (400 ml.) for 24 h., to leave a black polymeric solid.

B.  Nonachlorophenanthridine

(i) In a Solvent. The general precedure for all these reactions was
the same and the quantitative details are given in Table 6-4.
'TABLE 6-4

Solvent Fluorinations of Nonachlorophenanthridine

Run 1 2 ’ 3 l]:
Fluorinating Agent CsF - KF KE _ Cs¥F

Amount of

Fluorinating Agent 30g. 159. 259- 159.
Amount of ’
Nonachlorophenanthridine 59- 39. 3s. 29.
Amount of dry Sulpholane 40 ml, 20 ml. 50 ml, L0 ml.
Temperature , 160°C 160°¢ 160% = 180%
Time 24 h. 24 h, » 90 h, 24 h,

Run 4 ig typical and is described.hére.

All the apparatus was rinsed with acetone and thoroughly dried in an
oven before use, NonachlorOphenaﬁthridine (Zg., L1 mmole), dry caesium
fluoride (15g., 98:9 mmole), and dry sulpholane (40 ml.) were placed in a
flask fitted #ith a magnetic stirrer, gas-tap and variable volume reservoir
(conveniently a football bladder), to allow for expansion. Thg flask was
evacuated to de-gas the.solvent and than let down to an atmesphere of dry

. Lo o
nitrogen gas. The contents were stirred at 180 C raor 24 h

¥




After cooling, the resulting mixture was poured onto water (4000 ml.)
and well stirred. The solid was filtered off and refluxed with chloroform
(200 m1.) for 1} h. This mixture was filtered, and the solvent was
removed from the filtrate to leave a pale brown salid, which was a mixture
of chlorofluoro~6-phenanthridanones. (Identified by the mass spectrum;
peaks at 403 with four chlorine afoms, 419 with five chlorine atoms, 535

with six chlorine atoms, and so on).

(ii) In the-Soiid Phase. The general preocedure was the same in all
cases and the quantitative detaiis of the various runs are given in Table 6-5,

Run 2, which is typical, is described here,

TABLE 6.5

Autoclave Fluurinations of Nonachlorophenanthridine

Run : - 1 2 3
Amount of Dry Potassium Fluoride 80g. 80g. 80g.
Amount of Nonachlorophenanthridine 84a. 8g. 89.
_ . . . o
Temperature . : 450°C 100 350 C
. 1 a.
Time . 3‘h. 15 h. 14 h.

:Nonachlorophenanthridine (8g., 165 mmole) and dry-potassium fluoride
(80g., 1370 ﬁmole) were well'mixed and sealed in an autoclave, which was
then evacuatgd. The autociave was then heated at hOOOC for 1%+ n.

Volatiles were then transferred out of the hot autoclave, under vacuum into
a cold tr;p; these volatiles were all gasecus ét room température.

The autoclave was then allowed to cool, let down to an atmosphere of

dry nitrogen gas, and opened. The extraction of tractable material from the

solid residue was attempted by the methods cof vacuum sublimation, solvent



extraction and treatment with water, in a way analogous to that described

for the fluorinations of nonachloroacridine, but without any success.

c. Nonachloro-7,.8-benzoquinoline

The general procedure for the two reactions was the same and the

quantitative details are given in Table 6.-6.
TABLE 6-6

Autoclave Fluorinations of Nonachloro-7,8-benzoquinoline

Run . _ 3 A | : 2

Amount oﬁ Dry Potassium Fluoride '20g. 20q.
Amount of Nenachloro-7,8-benzoquinoline 2q. . 2g.
Temperature ' : .  &EOOC - . SSOOC

Time ‘ : 12 b, - 6 h.

‘Run 2 is typical and is described here.

Nonachloro-7,8-benzoquinoline (2g., 4 mmole) and dvy potassium fluoride
(20g., 340 mmole) were well mixed and sealed in a 90 ml. nickel-lined siael
tube. The tube was heated at 356°C for 6 h. and then cooled and opened, anc
the dark brown solid contents were emptied out. All attempts to isclate
tractable material from this solid, by sublimation, solvent extracticn, o

treatment with water, as described for nonachloroacridine, failed,

3.2 Hydrolysis Reactions and Basicity

A, Nonachloroacridine
i) Hydrolysis. Nonachloroacridine (2:0g.) was refluxed with water

(50 m1l.) and concentrated hydrochloric acid (50 ml.) for 18 h., and

vigorously stirred. The green solid product was octachloro-9-acridanone.

168

(Yield = 1-6g.,'80%). M.p, > 3@0°C; literature value B?OOC.‘“” (Found:



C, 32:9; N, 2.8; Cl1, 60-8%. Calculated for CIBNHOC1 C, 33-16;

3
N, 2:93; C1, 60-31%). Molecular weight = 467 with eight chlorine atoms,

Infra~red spectrum No. 5. Ultra-violet spectrum No. 5.

(ii) Reaction with Hydrogen Chloride Gas. Nonachloroacridine (O+5g.])

was dissolved in dry chloroform (450 ml.). The resulting soiuticn was
stirred and dry hydrogen chleride gas was bubbled through.thé solution until
the uptake of gas had ceased. The yellow sclid produced was filtered off,
and the material isolated proved to be unchanged nonachloroacridine,
_(Xdentified by a comparison of its infra.red spectrum with that of an

authentic sample from 2.2.A).

B. Hydrolysis of Nonachlorophenanthridine

Nonacbhlorophenanthridine (4+.0g.) was stirred with water (30 ml,) and
coricentrated sulphuric acid (120 m1.) at 100°%¢ Lfor 100 h. After this time,
the mixture was cooled and the solid was filtered off and washed weli with

water, Recrystallisation from chlorobenzene gave pure, green octachloro-6-~

henanthridanone. (Yield = 2-4g., 62%). M.p. > 350°C.  (Found: C1. 60.5%,
P g [ p b

C1 NHOCl8 requires Cl1, 60-31% . - Molecular weight = 467 with eight chlorine

3

atoms, Infra-red spectrum No, 6. Ultra-violet spectrum No. 6.

3.3 Nucleophilic Substitution Reactions

A, Nonachloroacridine

(i) One Equivalent of Metheoxide Ion. A solution of sodium (0-10g.,

Lk+35 nmole) in dry methancl (5 ml.) was prepared and added to a suspension
of nonachloroacridine (2:00g., 4:09 mmole) in dry wmethanol (150 ml.). The
resulting mixture was refluxed for 24 h. and the green solid that was filtered

. . LN
off was octachloro-9-methoxyacridine. (Yield = 1-75g., 88%) . M.p. 24L-2067C,

(Found: C, 35+0; N, 2:6; H, 0.8; <C1, 58.2%, C. NH OCl1l, requires C, 3L:68;
3 3 ! 5 ! ’ 13 5. )

8
N, 2:89; H, 0-62; €1, 58-52%), Molecular weight = 481 with eight chiorine

atoms. Infra-red spectrum No, 7.
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Some of the octachloro-9-methoxyacridine (1:00g.) was stirred and
refluxed with water (50 ml.) and concentrated liydrochloric acid (50 ml.)
for 18 h, The solid product that was filtered off was octachlcro-9-

acridanone, (Identified by a comparison of its infra-red spectrum with

that of an authentic sample from 3.2.A.(i)).

-

(ii) Two Equivalents of Methoxide Ion. The reaction was attempted at

atmospheric pressure by first preparing a soiution of sodium (0-129., 520
mmole) in dry methanol (5 ml.). .This soluiion was added to a suspeﬁsion of
nonachloroacridine (1:00g,, 2:04 mmole) in dry meihaﬁoi (70 m1.) and the
resulting mixture was refluxed and stirred for 90 h, The green solia
produced was octachloro-9§methoxyacridine; (Ydentified by é comparison of
its infra-red spectrum with that of an authentic saméle from 3.3.A.(3)).

- The reaction under préssure was carried out by plac:ng a seluvtion of

. sodium (0-12g.,

5.20 mmole) in dry methan$1 (30 m1.) in a nickel tube snd
adding nonachloroacridine (1-009., 20/ mmole). Thé tube was sealed and
rotated ih an oil bath at 200°C for 24 h.. The tube was then cooled, opened,
and the contents were washed out_with methancl. A dark green sclid was
produced, whiqh was octachlorof9~acridanone. (Iden?ified by a comparison

of its infra-red spectrum with that of an authentic sample from 3.2,A.(i)).

(iii) Diethylamine. Nonachloroacridine (1:00g.) was refluxed with

diethylamine (70 ml.) for 24 h, The resulting mixture was cooled, poured
onto water (100 ml.) and thé»solid was filtered off. This so0lid was

recrystallised from chloroform to give orange octachloro-9-ethyliminoacridan.

(Yield = 0+34g., 33%). M.p. 222-224°C.  (Found: Cl, 56:6%. C 5N, HCL

) 6 8
requires Cl, 56.98%) Molecular weight = 494 with eight_chloriﬁe atoms.
Infra-red spectrun No, 8. N.M,R. spectrum No, 1.

(iv) t-Butylamine. Nonachlorvacridine (2-0g.) was stirred with

refluxing t-butylamine (50 ml.)} for 24 h,, and then the cooled residue vas



poured onto water (100 ml.), The solid produced was a mixture of starting
material, octachloroacridines and substitution products, (Identified by
the mass spectrum, Parent peaks at 485 with nine chlorine atoms, 451 with

eight chlorine atoms, and 520 with eigﬁt chlorine atoms).

(v) Thiophenoxide Ion, Sodium (0-06g,, 2:61 méole) was added to dry,
stirred methanol (100 ml.) and then thiophenol (2 ml.) was aaded, followed
by nonachloréacridine (1-009., 204 mmole), and the mixture was refluxed
for 1% h. hater (50 ml.) was then added and the resulting solid was
filtered off and recrystallised from chloroform to give a mixture of
octachloroacridines, (Identifiéd by the mass spectfum. : Pareﬁt peak at

451 with eight chlorine atoms).

(vi).Hexafluorcprqpene in the Presence of Fluoride JTon. All the

apparatus was rinsed with acetone and thoroughly dried in an oven before use,
Nonachloroacridine (2-0g., 4-1 mmole), dry caesium fluoride (Sg.,.19'8 mmele)
and dry sulphclane (4O ml,) Qeré placed in a flask fitted with magnetic
stirrer, gaé-tap and variable volume reservoir, The apparatus was
evacuated, the solvent was degassed,‘and then the apphrétus wvas filled with
hexafluoropropene (59., 33+3 mmole). Tﬁe mixture was étirred at 750C for
3 h{, during which time most of fﬁe gas was used up; siirring was
continued at this temperature for another 16 h, V;latiles were then
transferred out under vacuum into a cold trap, and fhe residué_was mixed
with water (300 ml,) and chloroform {300 ml.). The-orgahic iayer was
separated, and the aqueous layer was extracted with more chloroform
(2 x 100 m1.).

The combined chloroform lavers weré washed with water (3. x 106 mi.)
and theﬁ driea with anhydrous magnesium sulphate,. After filtration, the
salvent was removed from the filtrate to leave octachloro-9-acridanone.

(Tdentified by a comparison of its infra-red spectium with that of an

- N e e e i e -
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authentic sample from 3.2,A,(i)).

B. Nonachlorophenanthridins

(i) Methoxide Ton. Nonachlorophenanthridine (1:00g., 2:0L mmole) was

suspended in dry methanol (40 ml.) and sodium (0:06g., 2:60 mmoie) was
added. The resulting mixture was stirred and refluxed for 65 h. The

cooled residue was added to water (40O ml.) and green octachl&ro—G-methaxy»

phenanthridine was filtered off, (Yield = 0:82g., 81%). M.p. 245-24700,

(Found: C, 3443 N, 3:0; H, 0:G; C1, 58-9%, C14NH30018 requires'

C, 34-68; N, 2.89; M, 0-62; C1, 58:52%). Molecular weight = 481 with
cight chlorine atoms, Infra-reéd spectrum No, 9.

Some of this octachloro-6-methoxyphenanthridine (Oi7g.) wvas heated with
water (30 ml.) and concentratad sulphuric acid (120 ml.) at 100°C for 110 h.
The resulting mixture was ¢ooled and the solid was filtered off and washed
well wifh water, This was octachloro-6-phenanthridanone, (fdentitied by

a comparison of its infra-red spectrum with that of an authentic sample

from 3.2.B),

(ii) Diethylamine, Nonachlcrophenanthridine (2:0g,) was stirred with

refluxing diethylamine (50 ml.) for 65 h. The resulting mixture was

«

stirred with water (100 ml.) and the pale brown solid was filtered off,

This was recrystallised from acetone twice to give octachloro-6-diethylamiro-

phenanthridine. (Yield = O-Qg., 19%) . M.p. 131-1320C. (Found: C, 39:0;

N, 5:1; H, 1.2; Cl, 5L-2%, C17N2H10C18 requires C, 38:82; N, 5-:33;
H, 1-92; Cl, 53+93%), Molecular weight = 522 with eight chlorine atoms.

Infra-red spectrum No, 10, N.M.R. spectrum No. 2.

(iii) t-Butylamine. Nonachlorophenanthridine (0+5g.) was stirred with
refluxing t--butylamine (50 mi.) for 24 h. The resulting mixture was added
to water (100 ml,) and the zolid was filtered off. This was a mixture of

starting material, octachlorophenanthridines and substitution producis.
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(fdentified by the mass spectrum. Parent peaks at /485 with nine chlorine

atoms, 451 with eight chlorine atoms and 520 with eight chlorine atoms),

(iv) Thiophenoxide Ion. Sodium (0-069., 2:61 mmole) was added to dry,

stirred methanol (100 ml.) and then thiophenol (2 ml.) was added, followed
by nonachlorophenanthridine (1'009., 2+ 04, mmole); and the mixture was
refluxed for 1} h. Water (50 ml.) was added and the resulting solid was

filtered off, This was a mixture of octachlorophenanthridines, (Identified

by the mass spectrum. Parent peak at 451 with eight chlorine atoms),

3.4 Reactions with Organometallic Reagents

The procedure for standardising the n-butyl lithium solution was as
follows, Samples of the solution of n-butyl lithium in n-hexane (1 ml.)
were added to water (20 ml.), and the resulting mixture was titrated
against O« 1N sulphuric acid, using phenolphthalein as indicator. This
was carried out on three samples, and the most consistent titre was used to
calculate the total lithium content of the solution, Other samples of the
solution of n-butyl lithium (1 ml.) were added to redistilled benzyl chloride
(1 m1.) in dry ether (15 ml.)., ‘Water (10 mi.) was added after + h., and
the resulting mixture was titrat%d as before. This procedure, too, was
carried out on ﬁhree samples, and the most consistent titre was used to
calculate the non-organometallic lithium content of'the solution,

In all of these reactions, the apparatus was rinsed with acetone and

thoroughly dried in an oven before use,

A, Nonachloroacridine

(i) Reactions with n-Butyl Lithium. In the reactions where conly

starting material was recovered, nonachloroacridine (2-Og., 4+1 mmole) and
dry ether (150 ml.) were placed in a flask fitted with magnetic stirrer,
gas inlet, dropping funnel and condenser, which was contimucusly purged with

dry nitrogen gas, before and during the experiment. The mixture was cooled
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to OOC and a Z-QE solution of n-butyl lithium in n-hexane (3 ml., 6 mmole)
was slowly added, while the mixture was stirred. Stirring was continued

at this temperature for 2% h., and then for ancther 2 h, at room temperature.

b
N-Hydrochloric acid (10 ml,) was then added and the resultant was stirred
for a final 2 h, The selid that was filtered off was unchanged nona-
chloroacridine, (Identified by a comparison of its infra-red spectrum

with that of an authentic sample from 2.2.A).

In the reactions which produced octachloréacridine, nonachloroacridine
and dry ether were placed in the flask as hefore, bﬁt they were cooled to
—78°C. An approximhtéiy 2M solution of n-butyl lithium in n-hexane (3 ml.,
6 mmole) was slowly édded and sti;ring was carriéd out at -780C for I h,
N-Hydrochloric acid (10 mwl.) was then added and stirring was continued while
the mixture was allowed t- warm.to room temperaturc, The solid which was
filterea off was recrystallised from chlorofcrm, to give off-white crysials

of 1L2‘3,4,546,7‘8-octachlofoacridine. (Yield = 1-1g., 59%) . M.p- 16?-16800.

(Found: C1, 62-1%, C13NIIC18 requires Cl, 62:44%. This experiment could
not be repeated, and there was npt enough material left ic obtain a

carbon analysis). Molecuiar Qeight = 451 with eight chlorine atoms.
Infra-red'Speétrum No. 11. )

Part of this octachloroacridine (0:8g.) was refluxed with water (25 ml.)
and concentrated hydrochloric acid (25 ml.) for_gh h;“ The solid procduced
was unchangéd octachloroacridine. . (Identified by its infra-red spectrum),.

In the reaction which broduced 9-n-buty1-1,2,3,4,5,6,7,8~octachloro«
acridan, nonachloroacridine and dry ether were placed in the flask as before
and cooled to 778°C. A 0-2M solution of n-butyl lithium in n-hexane (5 ml.,
1:0 mmole) was added and the mixture was stirred at T?BOC fot.B h. N.-
Hydrochloric acid (20 ml.) was then added and stirring was continued while ihe
mixture was allowed to warm to room temperature, . The solid was filtered off
and sublimed under 0-003 mum. Hg. at 1200C.

, giving yellow 9-n-butyl-
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1,2.3.4,5,6,7,8-0octachloroacridan. (Yield = 0-2g., 10%). l.p. 139-141°C.

(Found: C, 39:6; H, 2:31; C1, 55:4%. C NH, Clg requires C, 39-81;

17
H, 2:16; CI1, 55.30%). The mass spectrum gave no parent peak. Infra-red
spectrum No, 12, N.M.R. spectrum No. 3.
(ii) Reaction with Phenyl Magnesium Bromide. Both before and during

this reaction the apparatus was continuously purged with dry-nitrogen gas,
Magnesium (1:0g., 41+6 wmole) and dry etber (100 ml.) were placed in a flask
fitted with a magnetic stirrer, ccndénser, drovping funnel and gas inlet.

A solution of bromobenzene (6:5g., 41+5 mmole) in dry ether (50 ml.) was
added at such a rate as to maintain a steady reflux. . After addition was
complete, stifring and refluxing were continued ﬁor I . Nonachloroacridine
(2:Cg., 41 mmole) was then added, and stirring and refluxing were continued
for another 2 h. Dilute hydrochloric acid was added t¢ the coosled mixture
produced until effervescence had ceased, and the solid was filtered off,

This was unchanged nonachloroacridine, (Identified by a comparison of its

infra-red'épectrum with that of ap authentic sample from 2.2.4).

. B, Reaction of Nonachlorophenanthridine with nnButyl-Lithium

The apparatus was continually purged with dry nitrogen gas, botn before
and during this reaction. Nonachlorophenanthridiné (Z-Og., L+1 mmole)
and dry e£her (150 ml.) were placed in a flask fittea with a magnetic stirrer,
gas-tap, condenser and dropping funnel. A 2.CM solufion of n-butyl lithium
in n-hexane (3 ml.; 6-0 mmole) was added and the mixture was stirred and
refluxed for 3 h. After cooling to room temperature, N-hydrochloric acid
(10 ml.) was cautiously added and stirring was continﬁed overnight. The
resulting solid was filtered off, and was unchanged nonachlorophenanthridine.
(Tdentified by a comparison of its infra-red spectrum with thaﬁlof an

authentic sample from 2.2.B).
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3.5 Oxidation and Reduction Reactions

A, Nonachloroacridine

(i) Oxidation, Nonachloreoacridine (1-0Og., 2+0 mmole), glacial acetic
acid (20 ml.) and concentrated sulphuric acid‘(25 ml.) were stirred together
and cooled to 0°C. A 90% solution of hydrogen'peroxide (2 ml., 53 nmole)
was slowly added with vigorous stirriﬁg. Stirring was continued at 0°c for
1 h. and then at room temperature for 48 h. The resulting mixture was
poured onto ice-water (200 ml.), which was vigorously stirred. The green
solid, filtered off, was octachlofo-g-acfidanone. (Identified by a

comparison of its infra-red spectrum with that of an authentic sample from

3.2.A.(i)). .

(ii) Reduction with Lithium Aluminium Hydride. Monachloroacridine

(1-0g., 2:0 mmole) and dry ether (150 ml.) were cooled to OOC, and stirved in
a flask-which had been well dfied and was continuﬁusly purged with dry
nitrogen gas. Lithium aluminium hydride (Ong{, 131 mmole) was added and
stirfing was continued at 0°c for 2 h, The resultant mixture was allowed

to stand overnight, and then a mixture of water {5 ml.) and concentrated

sulphuric acid (5 ml.) was added very slowly and cautiously. The green
so;id-produced wvas filtered off.‘ This was a complex mixture, chiefly
containing quite extensively reduced acridines and acridans. (Identifiea
by the mass spectrum. Parent peaks at 487 with nine chlorine atoms, 451
with eight chlorine atoms, and so on).

(iii) Reduction with Sodjium Borohydride. Nonachloroacridine (2-0g,

4+1 mmole) and scdium borchydride (1-09.’ 26+-3 mmole) were refluxed in dry
ether (150 ml.) for 14 h. The yellow solid produced was filtered off,
and it was unchanged nonachloroacridine. (Identified by a comparison of

its infra-red spectrum with that of an authentic sample from 2.2,A).
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B. Oxidation of Octachlcro-~-9-acridanone

Octachloro~9-acridanone (2-0g., 4+3 mmole) and glacial acetic acid
(50 ml.) were stirred together. A solution of potassium dichromate (2-09.’
8+1 mmole) in glacial acetic acid (150 ml.) was slowly added, and the
resulting mixture was refluxed for 11 h. The resultant was cooled, added
to water (300 ml.) and the solid was filtered off. This wvas unchanged
octachloro-9-acridanone, (Identified by a comparison of its infra-red

spectrum with that of an authentic sample from 3.2.A.(i)).

3.6 Pyrolysis and Photolvsis Reacticns

A, Photolysis of Noanachloroacridine in Methanol

Nonachloroacridine (1+0g.) and dry methancl (20 ml.) were placed in

a pyrex Carius tube, which was evacuated and then let down to an atmosphere

of dry nitrogen gas sevaras times, to de-gas the solvent. Finally, the
tube was evacuated and sealed. It was then irradiated with ultra-viclet

light (500 watt, medium-pressure mercury iamp) for 66 h.

The tube was then cooled, opened, and the contents wgshed out with
methanol. The solid which was filtered off was unchanged nionachloroacridines,
(Identified by a comparison-of its infra-red spectrum with that of an

authentic sample from 2.2.A),

B. Pyrolysis of Octachloro-9-acridanone

(i) Under Atmospheric Pressure. Octachloro-9-acridanone (0¢5g,} was

heated at 260°C for 18 h. in a test tube, while a gentle stream of dry
nitrogen gas was passed slowly intc the tube, The resulting solid was
recrystallised from chlorobenzene and gave unchanged 6ctachloro-9wacridanone.
(Identified by a comparison of its infra-red spectrum with that of an

authentic sample from 3.2.A,(i)).



- 165 -~

(ii) In an Autoclave, Octachloro-9-acridanone (5g.) was sealed in

an autoclave, which was evacuated, heated at 400°C for 5 h,, and then
allowed to cool. Volatiles, which were all gaseous at room temperature,
were transferred out, under vacuum into a cold trap.'

The autoclave was then let down to an atmosphere of dry nitrogen gas,
opened, and the residue was recrystallised from chlorobenzene to give a

degraded orange solid.

C. Photolysis of Octachloro~9-acridanone

(i) In an Inert Solvent. Octachloro-9-acridanone (0:2g.) was

dissolved in dry benzene (200 ml,) and the solution was placed in a sjilica
tube, fitted with a gas bubbler, The tube was irradiated with light from
a 300 nm lamp for 66 h, The solvent was then removed from the mixture to
leave unchanged octachloro--9..acridanone. (Identified by a compariscn of

its infra-red spectrum with that of an authentic sample from 3.2.A,0i)).

(ii) In Isoprovanol. Octachloro—9-acridanoné'(2-Og.) and iscpropanol

(LO ml.) were sealed in a pyrex Carius tube, which was evacuated and then
irradiated with ultra-violet light (500 watt, medium-pressure mercury lamp)
for 17 h, ° The tube was then cooled, opened, and the solid was filtered off.

This was unchanged octachloro-9-acridanone, (Identifi>d by a comparison

of its infra-red spectrum with that of an authentic sample from 3.2.A.(i)).

D. Pyrolysis of Nonachlorophenanthridine

Nonachlorophenanthridine (0+5g.) Qas passed, uﬁder vacuunm, through a
silica tube heated to BOOOC, and the product was collééted in a cold trap.
The orange solid produced was tentatively identified as nonachlorebiphenyl-
2-cyapide. Molecular weight = 485 with nine chlorine atoms. Infra-red
spectrum No, 13, shows weak nitrilic absorbtions.

An attempt was made to hydrolyse the product, It was stirred with

3 . . ; Q. a
wvater (5 ml.) and concentrated sulphuric acid (15 ml.) at 80 C for 16 h.
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The solid was filtered off and washed well with waters, The identity of

this solid was uncertain.

L, Experimental for Chapter IV -~ Nucleophilic Substitutions in Heptachlorao..

13

quinoline and Heptachloroisoquinoline:.. The use of C N.M,R. in

Assignment of Orientation

4,1 Reactions with Simple Nucleophiles

A, Heptachloroquinoline

(i) One Equivalent of Methoxide Ion, Sodium (0:06g., 2-60 mmole) was

dissolved in dry methanol (5 ml.) and this solution was added to a suspension
of heptachloroquinoline (1:00g., 2:70 mmole) ;n dry methanol (25 ml.). This
mixture was stirred at room temperature for 2 h,, then poured onto water

(50 m1.) and the solid was filtered off.

Thin layer chromatography, using petroleum 40"G0° az eluant, showed ilhat
there were fqﬁr components in this solid, one of which had the same Rf valua
as heptachloroquinoline, and énother 6f which.was only present in very small
amounts, Samples of each of the three major components were obtained'by
separation by column chromatography using silica (Silic AR CC-~7, 100-200 mesh,
Mallinckrodt Chemical Works) as splid phase in a 40 cm x 3 sz column, and
petroleuﬁ 40-60° as eluant. The component with the same Rf value as hepte-
chloroquinoline was, indeed heptachloroquinoline. kIdentified bf a
comparison of its infra-red spectrum with that of the starting material).
One othér component was pentachlorodimethoxyquinoline. (Identified by a
comparison of iis infra-red spectrum with that of an authenéic sample from
L.1,A,(ii)).

The third component was recrystallised from aceténe’ to give a hexa-

chloromethoxyquincline (probably hexachloro-2-methoxyguinoline). (Yield =

0-15g., 15%). M.p. 198-199°C.  (Found: C, 32:5; N 3:4; H,

b

58+ 1%. C NH OCl, requires C, 32-82: N,  3:84: K, 0-83; C1
.].O 3 6 - b) 3 K] i
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Molecular weight = 363 with six chiorine atoms. Infra-red spectrum No. 1k,

N.M.R. spectrum No. I4.

(ii) Two Equivalents of Methoxide Ion. Sodium (0-129., 5.20 mmole)
was dissolved in dry methanol (5 ml.), and this soiution was added to a
suspension of heptachloroguinoline (1:00g., 2:70 mmole) in dry methanol (40 ml.).
The mixture was refluxed for 24 h. , added to water (50 ml1,) ;nd the solid was
filtered off. Thin layer chromatography, using petroleum -110—60o as eluant,
showea one major component, with the same Rf value as one of the éomponents

from the reaction with one equivalent of methoxide ion. This was purified

by column chromatography, using conditions as in (i), but with the column

20 cm. long, and by recrystallisation from acetone, to givé pure pentachloro-

dimethoxyquinoline (prohably ﬁentachloro-z,&—dimethoxyquinciine): (Yieid =

3 b

0-28g., 28%). M.p. 192-193°C.  (Found: C, 36:6; N, 3.6; H, 2:0%.
C NHCOZCI requires C, 36-55; H, 3:88; H, 1-67%) . Moleculair weight =

359 with five chlorine atbmsg Infra-red spectrum No, 15. N.M.R. spectrum

No. 5.

(iii) Diethvlamine, Heptachloroquinoline (1:0g.) was refluxed with

diethylamine (40 ml.) for 24 h, The excess diethylamine was then removed
from the product and the resulting solid, which was shown by thin layer

. o ' o
chromatography, using petroleum LO-60" as eluvant, to be. almost one component

only, was recrystallised from acetone to give yellow crystals of hexachloro-2-

diethylaminoquinoline. (Yield = O:5g., 45%). M.p. 77-78°C. (Found:

C, 38-5; N, 6:7; H, 2:7; Cl, 52:8%, CIBLZhJO 6 1equ11es C, 38:37;

N, 6-68; H, 2-48; C1, 52:27%). Molecular weight = 404 with six chlorine

atoms. Infra-red spectrum No. 16. N.M.R., spectra Nos. 6 and 7.
B. Heptachloroisoqguinoline
(i) Methoxide Ion. Sodium (0-069., 2:6C mmole) was dissolved in dry

methanol (5 ml.), and the solution was added to a suspension of heptachloro-
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isoquinoline (1.00g,, 2:70 mmole) in dry methanol (40 ml1.). The resulting
mixture was stirred and refluxed for 16 h, The sclid that was filtered off
was shown to be essentially a single component, by thin 1ayer-éhromatography,
using petroleum 40-600 as eluant, This solid was recrystallised fiom

acetone to give hexachloro-1-methoxyisoquincline. (Yield = 0-16g., 16%).

M.p. 158-160°C.  (Found: C, 32-9; N, 3:8; H, 0-9; CI, 57-5%.

’

C oVH;0CL, requires C, 32:82; N, 3-83; H, 0:83; C1, 58:01%).  Molecular
weight = 363 with six chlorine atoms. Infra-red spectrum No. 17, N.M,R.

spectra Nos. & and 9,

In an attempt to obtain disubstitution, sodium (0;129., 5:20 mmole) was
dissolved in dry methanol (5 ml.) and the solution was added to a suspension
of heptachloroisoquinoline (1:00g., 270 mmole) in dry methanol (/40 ml.).

The resuliting mixture was stirfed and refluxed for a week, and then the solid
was filtered off, This was hexachloro-i1-methoxyisoquinoline, (fdentified
by a comparison of its infra-red spectrum with that of the sanple obtained

above).

(ii) Diethylamine. Heptachloroisoquinoline (0:9g., 25 mmole) was
stirred and refluxed with diethylamine (50 ml.) for 24 h, Thin layer
chromatography, using petrdleum 40-600 as eluant, showed that the material

filtered off was essentially one component. This was recrystdllised from

acetone to give yellow crystals of hexachlorodiethylaminoisoquinoline (probably

hexachloro-1-diethylaminoisoquinoline). (Yield = 0+3g., 27%). M.,p. 116~

) ' .
118°C.  (Found: C, 38-6; N, 7-1; H, 2:8; C1, 51:9%. C13NaH o Clg

requires C, 38-37; N, 6-.68; H, 2:48; C1, 52:27%). ~ Molecular weight = 404

]

with six chlorine atoms, Infra-red spectrum No. 18, N.M.R, spectrum No, 10,

.2 Reactions of Heptachloroquinoline with Sulphur Nucleophiles

In the reaction with sodium disulphide, a solution of sodium disulphide

was prepared by adding hydrated sodium sulphide (3-1g., 12:9 mmole) and then



- 169 -

sulphur (O-&g., 125 mmole) to refluxing ethanol (15 ml.). This solution
was added, while warm, to a refluxing suspension of heptachloroquinoline
(3-0g., 8-2 mmole) in ethanol (100 ml.) over 2 h., and then refluxing was
continued for 3 h, , while the ﬁixture was stirred,

After cooling, the solid was filtered off and washed well with water;
this was unchanged heptachloroquinoline, (Identified Qy a comparison of
its infra-red spectrum with that of the starting material),

In the reaction with elemental sulphur, heﬁtachloroquinoline (2-0g=,
5+5 mmole) and sulphur (2:0g., 65 mmole) were well mixed, and heated at
' 32000 for # h, in a test tube, while a gentle. stream of dry nitrogen gas
was passed into the tube, After cooling, excess sulphur was removed by

sublimation under vacuum, and the residue was recrystallised from chloro-

benzene to give pale orang- crystals of 2,3 6,7 8-pentachloroguine-[4%, 5-cdl-

1,2-dithiole. (Yield = 0-8g., 41%)., M.p. 156-158"C.  (Found: C, 29-3%,

C,NS_Cl_. requires C, 29« 74%. In general analysis was poor because of

9 275
under oxidation (in the case of CHN) and because of interference between

sulphur and chlorine). Molecular weight = 361 with five chlorine atoms.

Infra-red spectrum No. 19,

L]

4,3 Reaction of Heptachloroquinoline with n-Buty] Lithium

Before use, all the apparatus was rinsed with acetone and thoroughly
dried in an oven. Both before and during the reaction, the apparatus was
continually purged with dry nitrogen gas. Heptachloroquinoliﬁe (1-Og.,

_2-7 mmble) and dry ether (100 ml.) were'placed in a flésk fitted with magnetic
stirrer, gas inlet, condenser and dropping funnel. The flask was cooled to
_78°C, and the contents were stirred, A 2:0M solution of n-butyl lithium in
n-hexane (2 ml,, L+0 mmole) was slowly added, and stirring was continued at
—7800 for 3 h. N-Hydrochloric acid (10 ml,) was then slowly added, and
stirring Qﬁs continued while the mixiure was allowed to werm to rcom

temperature,
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The ether layer was separated frowm the resulting mixture, and the

3
solvent was removed to leave a brown oil. Thin layer chromatography using

o
petroleum 40-60" as eluant, showed this to be a very complex mixture.

L., Reactions of Octachloronaphthalene

A, Methoxide Ion

~Sodium (0-1g., 4+4 mmole) was dissolved in dry methanol (15 ml.) and
this solution was sealed in a nickel tube with.octachloronaphthalene (Z-Og.,
L+9 mmole), The tube was rot;ted in an oil bath at EOOOC for 24 h, It
was then cooled, opened, and the contents were washed out with methanol.
The solid which was filtered off was unchanged octachloronapﬂthalene.
(Identified by a comparison of its infra—¥ed spectrum with that of the

starting material),

B.. Amines
(i) Diethylamine in Sulpholane. Octachloronaphithalene (4~Og., 9.9

mmole), diethylamine (1:0g., 14°*9 mmole) and dry sulpholane (30 ml.) were
stirred together at 120°% for 4O h. The resulting solution was coolgd and
mixed with water (300 ml.), The solid which was filtered off was unchanyed
octachloronaphthalene. (Idenfified by a comparison of its infra-red

v

spectrum with that-of the starting material).

" (ii) Excess Diethylamine. Octachloronaphthalene (1-Og.,.2-5 mmole) was
stirred with refluxing diethylamine (60 ml.) for 120 h, The resulting
mixture was cooled and added to water (100 ml.). A grey sclid was filtered

"off which was a mix£ure of chlorohydronaphthalenes,  (Identified by the
mass spectrum, Parent peaks at 366 with seven chlorine atoms, 332 with six

chlorine atoms, and so on).

(iii) t-Butylamine. Octachloronaphthalene (2-0g., L9 nmole) was

sealed with t-butylamine (30 mi.) in a nickel tube, and the tube was rotated

in an oil bath at 80°C for 15 h. It was then cooled, opened, and the



contents were washed out with methanol. The zolid filtercd off was a
mixture of chlorohydronaphthalenes and starting waterial. (Identified by
the mass spectrum. Parent peaks at LOO with eight chlorine atoms, 306 with

seven chlorine atoms, and so o).

(iv) Ammonia, Octachloronaphthalene (2-Cg.), -SSQd ammonia solution
(10 ml.) and ethanol (20 ml.) were sealed together in a nickél'tube which
was rotated in an oil bath at 16000 for 24 h, .The tube was cooled, opened,
and the contents were washed oﬁt with ethanol. The solid that was filtered
off was a mixture éf mostly heptachlorgnaphthalene and aminohexachloro.-
naphthalene, (Identified by the mass spectrum. Parent. peaks at 366 with
seven chlorine atoms, and 347 with six chlorine atoms).

This material was rocrystallised from chloroform and sublimed under 0-01%1

mm, Hg., at 100°C to give gre? aminohcxachloronaphthal ene. (Yield = O-6g,5

bl 3

35%). M.p. 201--203°C. (Found: C, 34-1; Cl, 61-1%. 'H,C]_6 reguires

c
10 '3
C, 34-333 Ci1, 60-80%) , Molecular weight = 347 with six chlorine atoms.

Infra-red spectrum No, 20,

C. ' Lithium Diethylamide

All the apparatus was rinsed with acetone and dried thoroughly in an
oven before usé. Botii before and during the reéction, thé apparatus was
continually purged with dry nitrogen gas. Diethylaﬁine (i-Og., 14+9 mmole)
and dry ether (20 ml.) were stirred and cooled to ﬂ78OC,-in a flask fitted

with a condenser, dropping funnel, and gas inlet. A 2-0M solution of n-~

butyl lithium in n-hexane (8 mi., 16:0 mmcle) was slowly added, and the

>

resulting mixture was stirred at —780C for 2 h. Octachlorcnaphthalene

(S-Og,, 12¢4 mmole) in dry ether (150 ml.) was precooled to -7800, and then

slowly added, Stirring was continued at this temperature for 3 h., and then
. Q . ‘ . .
the mixture was allowed to warm to -3C C. 2N Hydrochloric acid (25 ml.) was

then slowly added and stirring was continued while the mixture was allowed to

warm to room temperature,
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The solid, which was obtained by filtration of the resultant, wvas
unchanged octachloronaphthalene, (Tdentified by a comparison of its infra-
red spectrum with that of the starting material, Recovery 5%).

The solvent was removed from the ether layer to give a black tar which
had broad absorbtions in the infra-red spectrum and was not investigated

any further,

5. Experimental for Chapter V - Perfluoro-5.6,7 8-tetrahydro-quinoline and

-isoquinoline:- The Mechanism of Their Fermation and Some of Their

ProEerties

5.1 Mechanistic Investigations

A, Preparation of Starting Materials

(i) 5,6,7,8-Tetra- hloroheptafluoroquinoline. Heptafluercquinoline

(5-0g., 19:6 mmole) was placed in a pyrex Carius tube aud chlorine gas

(1 1itre, L7 mmole) was transferred into the tube under vacuum. The tube
was then sealed under vacuum and irradiated with ultra-violet light (500 watt,
medium-pressure mercury lamp) for 48 h,

The tube was cooled and opened, and the contents were washed-out with,
and dissolved in, ether (200 ml.). The ether sclution was dried with
anhydrous magnesiun suiphate, filtered, and the solivent removed from the
filtrate to leave a vellow o0il, Pure 5,6,7,8»tetraﬁhloroheptafluoroquinoline’
a viscous yellow liquid, was obtained {(by sublimation under 0-005 mm. Hg. at
100°C). (Yield = 5+34g., 69%) . Purity was deinonstrated by vapour phase
_.chromatography at 25000. (XIdentified by a comparison of its infra-red

222,
spectrum with that of a previously reported sample ).

(ii) 5,6 ,7.8-Tetrachloroheptafluoroisoquinoline, Heptafluorisovguinoline

(5:0g., 19-6 mmole) was placed in a pyrex Carius tube and chlorine gas (1 litre,
Lle’7 mmole) was transferred into the tube under vacuun. The tube was then

sealed under vacuum and irradiated with ultra-violet light (500 watt, medium-
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pressure mercury lamp) for 96 h, The tube was then cooled and opened, and
the contents were washed out with, and dissolved in, ether (200 ml.). The
ether was dried with anhydrous magnesium sulphate and then filtered; the

solvent was removed from the filtrate and sublimation of the residue under

0:.005 mm. Hg. at 100°C gave 5,6,7,8—tetrachloroheptafluoroisoquinoline, a

viscous yellow liquid. (Yield = 4+-6g., 60%). B.p. > 200°c, (FFound:

C, 28-0; T, 33.0%. CgNF7014 requires C, 27-23; T, 33-L7%) . Molecular
weight = 395 with four chlorine atoms. Infra-red spectrum No, 21, M.M. R,
spectrum No. 11. Vapour phase chromatography at 25(00 showed one component,

B. IFluorination at Atmospheric Pressure

(i) 5,6,7,8-Tetrachloroheptafluoroquinoline. The fluorinating agent

used was-caesium fluoride doped with sﬁlpholane. This was prepared by
placing.dry caesium fluoride (10g.) and dry sulpholsznz (20 ml.) in cne arm
of a dry Schlenk tube which was purged with dry nitrogei. These rcagents
were stirred together and then filtered through the sinter. More of the
sulpholane was removed from the solid by heating undser vacuum, and this gave
sulpholane doped caesium f;uoride.

All the apparatus was rinsed with aceton; and thoroughly dried in an
oven before use. S,6,7FS-Tetra;hloroheptafluoroquinoline (3*59., 8.9 mmcle)
and suipholane doped caesium fluoride (10g., @65 mnole) were placed in a
conical flask fitted with a maghetic stirrer, gas-tap, and variable volume
reservoir to allow for expansion. The flask was evacuated and let down to
_an atmosphere of dry nitrogen gas, and then the contcnté were stirred at 160°C
for 24 h,

After cooling, the residue was mixed with water (200 ml.) and chloroform
(200 ml.), and the chloroform layer was separated. The aqueous layer was
re-extracted with chloroform (2 x 100 ml.), and the comhined chloroferm

00 iwl,) and dried over anbhydrous

[\YJ

layers weire washed with water (3 x

magnesium sulphate, After filteringi'the solvent was removed from the



filtrate to leave a brown oil, from which perfluoro—S,G,7,8—tetrahydro—

gquinoline was obtained as a clear liquid by vacuum transfer. {(Yield = 0-39.,
10%) . (Tdentified by a comparison of its infra-red spectrum with that of

. . . 222
the sample obtained earlier ?).

(ii) 5,6,7,.8-Tetrachloroheptafluoroisoquinoline. This fluorination was

-

also achieved with sulpholane doped caesium fluoride as the reagent, and it
was ﬁrepa;ed as described in (i) above,

All the apparatus was rinsed with acetone and thoroughly dried in an
oven before use. 5,6,7,8-Tetrach1oroheptafluoroisoquinoline (4+0g., 10-1
mmole) and sulpholane doped caesium fluoride (10g., ~65 mmole) were placed
in a conical flask fitted with a magnetic stirrer, gas-tap and variable
volume reservoir to allow for expansion, The apparatus was evacuated, let
down to an atmosphere of dry nitrogen gas, and then the contents were stirred
at 160°C for 24 h. After cooling, the residue was-mixed with chlcoroform
(200 ml.) and water (200 ml.). fhe organic layer was separated, and the
aqueocus layer was extracted with more chloroform (2 x 100 ml,). The combined
chloroform layers were washed thorcughly with water (3 x 200 ml.) and dried
with anhydrous magnesium sulphate,  After filtering, the solvent was rem&ved
from the filtrate to leave a browh oil, which was shown by vapour phase
chromatography at 150°C to consist of essentially two components. These were
separated by preparative scale vapour phase chromatography at 16000. The

more volatile of the two components was perfluoro—S,G,7,8-tetrahydroiscquinoline.

(Yield = 0-7g., 21%), (Identified by a comparison of its infra-red spectrum
. . . 210 . ,
with that of a sample obtained earlier ). Infra-red spectrum No. 22.
C. 1‘2,3,h;5,G—Hexachlorohexafluorccyclohexane

(i) Preparation. Hexafluorobenzene (%5-0g., 26-9 mmole) was placed in
a pyrex Carius tube and chlorine gas (2 litres, 894 mmole) was transferred

into the tube under wvacuum. The tube was then sealed under vacuum and



irradiated with ultra-violet light (500 watt, medium;pressure mercury lamp)
for 48 h,

The tube was then cooled and epened, and the contents were dissclved
in ether (200 ml.). The ether solution was washed with aqueous sodium
metabisulphite solution (2 x 100 ml.) and then dried with phesphorus
pentoxide, After filtering, the solven# was removed from the filtrate to
leave a solid which was distilled under the reduced pressure of a water
pump at 11000, to give 1,2,33&;5,6-hexach1orohgxaf1uorocyclohexane, a waxy
white solid. (Yield = 3-6g9., 35%) . M. p. 100-10200; literature value

n
101-102%%, *1°

(ii) Reaction with Sulpholane Doped Caesium Fluoride. The doped

caesium fluoride was prepared as in 5.1,B.(i) above. The apparatus was all
rinsed with acetone and thoroughly dried in an oven befores use. 1.2 3,415>6n

s

Hexachlorohexafluorocyclohexane (3-09., 76 mmole) and sulpholane doped

caesium fluoride (4-59., ~30mmole) were placed in a conical flask fitted

ﬁith a magnetic stirrer, gas-tap and variablie vglume reservoir to allow foxr
expansion. The flask was gvacuated, let down to an atmasphere of dry
nitrégen gas, and then the coﬁtents wvere sticrred at 160°C for 24 h,

After cooling, the residue w;s mixed with dichlbrcﬁathane (200 m1.) and
water (200 ml.),_and the organicflayer was separated; "The aquecus layer
was extracted with more dichloromethane (2 x 100 ml1.), and the combined
organié layers were washed with water (3 x 200 ml.), and dried with anhydrous
magnesium éulphate. After filtering, the solvent was removed from the
filtrate and left uncﬁanged'1,2,5,4,5,6-hexach1orohexdfluorocyclohexane.

(Identified by a comparison of its infra.red spectrum with that of the

starting material).
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5.2 Reactions of Perfluoro-5.5 7 . 8-tetrahydroisoquinoline

A, FFluorination with Cobalt Trifluoride

The fluorination was carried out in a tube containing cobalt fluorides,
which were stirred by the rotation eof a paddle-screw that passed aiong the
length of the {tube. The cobalt fluorides were initially all converted to
cobalt trifluoride by the passage of fluorine gas, for i% h.”, through the
tube. which was heated to 28000, from a fiuorine geneirator operating at 10 amps.

The tube was then purged.With dry nitrogen gas and allowed to cool to
120°C. Perfluoro-S,G,7,8-tetrahydroisoquino;ine (3:-0g.) was then dripped
into the beginning of the tube and carried along it by a dry nitrogen gas
flow of 200 ml.m-l. The products were coliected in a cold trap for a tetal
off 2 h,y after the passage of reactant through the tube Qas begun.

(Recovery = 1:6g., 53%).

Vaﬁcur phase chromatography at ?SOC showed that this product was a
complex mixture.of seﬁen components.A Combired gas chromatography/mass
spectrometry gave the molecular weights of these components as 331, 331, 407,
350, 388,426 and L49. These probably corfesponded <o the molecular
55 C7F14, C7F16’ CTF18

.

B. Reactions with Methoxide JTon

~ c 0 0 ."l‘
formulae C NF11’ C NI C hll

and C_NF
9 oM 115 Cg nd oM,

o

(i) One Equivalent of Methoxide Ion. Perfludfo—s,6,7’8;tetrahydro—

isoquinoline (i-OOg., 3+02 mmole) was stirred with drv methanol (30 mil.)
and sodium (O-O?g., 3:04 mmole) was added. Stirring was continued at room
temperature for 2 h. The ﬁethanol was then removed, and the residue was
mixed with water (50 ml.) and cyclohexane (50 ml.). The organic layer was
separated and dried with anh}drous magnesium sulphato. After filtering,

the solvent was removed from the filtrate and the rezulting yellow solid

was sublimed at 7000, under 0:005 mm Hg., to give white 3-methoxyperfluoro-

’ . . . . .. . o
5.6 7 8-tetrahydroi=oauinoline, (Yield = 0:65g., G3%). M.p. L2-53C.

.
x4
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(Found: €, 35-1; H, 1:3%.  C, Ni,OF ) requires C, 35:00; H, 0-88%).

0] 10

Molecular weight = 343. Infra-red spectrum No. 23, N.M,R, spectra Nos,

12 and 13. Vapour phase chroimatography gave one component at 2&000.

(ii) Two Dquivalents of Methoxide Ion, Perfluoro-5,6,7,8~tetrahydro-
isoquinoline (1-00g., 302 mmole} was stirred with dry.ﬁethanol (36 ml.)
‘and sodium (0:15g., 6+53 mmole) was added. The resulting m}xture was
refluxed for 18 h, and then the solvent was removed, The residue was shaken
with water (50 ml.) and cyclohexane (50 ml.), and the organic layer was
separated and dried with anhydrous magngsium sulphate. After filtering,
the solvent was removed from the filtrate to leave a yellow sclid, which was
shown by vapour phase chromatography at ZhOOC to be a hixture of two
components, The most volatile, minor, componeﬁt had the same retention time
as 3-methoxyperfiuoro-5,6,7,8-tetrahydroisoquinoline,

The major, less volatile component was separated by preparative scale

vapour phase chromatography at 25000. This was white 1 3-dimethoxyperfluorc-

5,6,7.8-tetrahydroisoquinoline. (Yield = 0:35g., 33%). M.p. 56-57°C.

* (Found: C, 37-2; N, L«3; 'H, 1+5%. C, MO Fy requires C, 37-20;

N, 3-94; H, 1. 70%) . Molecular weight = 355. Infra-red spectrun No. 24,

v

N.M.R. spectra Nos., 14 and 15.

C. Reaction with Diethylamine

Perfluqro-s,6,7,8-tetrahydroisoquinoline (Z-OOg., 6-04 mmole) was
stirred with ethanol (30 mlﬂ) and diethylamine (0-4hg. 6-03 mnmole) was
added, The resulting mixture was stirred at room temperature for 18 h.,
an<d then the solvent was rémoved, leaving a yellow oii. This was shaken
with water (50 ml.) and cyclohexane (50 ml.), and the organic layer was
separated and dried with anhydrous magnesium silphate, After filtering,
the solvent was removed from the filtrate tu leave a yellow 0il, which was

sublimed at 70°C under 0-005 mm. Hg, The vapour phase chromatograph at



I < 3N . . .
250 C showed that iwo components were present in the resulting material.
. o .
Preparative scale vapour phase chromatography at 250 C, gave 3-diethyl-

mninoperfluoromﬁ,ﬁi7L8—tetrahydroisoquinoline, the less volatile component,

as a yellow liquid. (Yield = O-46g,, 20%). B,p. > 200°C. (Found:
C, 4023 N, 6.8%. C NH F : ire 4O« 6L s «29%) . / :ula
, b , o4 LA 10 o Feauires C, 40<6L; N, 7-29%) Molecular

weight = 384, Infra-red spectrum No. 25. N.M.R., spectra Nos, 16 and 17.

D, Reaction with Hexafluoropropene in the Presence of TFluoride lon

All the appafatus was riqsed with acetone and thoroughly dried in an
oven before use. Perfluoro—S,G’7,8-tetrahydroisoquin61ine (Z-Og., 61 mmole)
dry caesium fluoride (5:0¢g.. 32:0 mmole) and dry sulpholane (20 ml.) were
stirred together in a conical flask, fitted with a gas-tap and variable
volume reservoir, The npparatus was evacuated and then filled with hexa-
fluoropropene (13+0g., 86+:& mmole). The resulting mixture was stirred at

room temperature for 27 h,, by which time all the gas had been used up.

Volatiles were then transferred out of the reaction mixture, under vacuum,

]

into a cold trap. The material obtained was perfluoro—S,6i7)8-tetrahydro—

1,3-bisisopropylisoquinoline, a colourless liquid. (Yield = 1-6g., L2%).
B.p. 12uoC. ~ (Micro-analysis gave inconsistent resulis, probably because

‘of loss of fluorinated olefin from the side chains without oxidation).

Molecular weight = 631. Infra-red spectrum No. 26, N.M,R, spectrum Na. 18.

Vapour pha=c chromatography at 150 °C ana 250 °C showed one component,

E. Reactions with Hydrazine

The unstable hydrazino derivative was prepared in the following way.
Perfluoro-5,6,7,8- tetrahydro1soqu1no]1ne (2-0g,, 6-1 mmole) was stirred with

-

ethanol (50 ml.) at OOC, and a 60% solution of hydrazine hydrate (1:0g.,

, the seclid

. . \ \ o
12 mmole) was added. Stirring was continued at 0 C for 2 h,
was filtered off and the sclvent was removed from the filtrate to leave a

tarry brown wmaterizi. I'rom its further reactions, this material seemed to



contain 3—hydranino~perfluoro-5’6,7,8~tetrahydroisoquinoline.
The impure bromo derivative was prepared as follows, The residue of
hydrazino compound was added, over half an hour, to a stirred solution of

cupric bromide (8-0g.) in 50% hydrobromic acié (30 ml.), al room temperature.

3
Stirring was continued for another half hour and then the residue was mixed
with wvater (100 ml.) and ether (150 ml.). The ether 1;yer was separated,
and the aqueous layer re-extracted with ether (100 ml,). The combined
ether layers were dried over aﬁhydrous magﬁesium sulphate and then filtered,
The solvent was removed from the filtrate, leaving a brown oil, which was
sublimed under 0-005 mm, Hg. at SOOC to give- an orange solid, This was
impure 3-bromoperfluoro-5,6,7,8-tetrahydroisoquinoline. -(Yield = 0-2g.,
8%). Molecular weight = 391 (Br = 79) with one bromine atom, Infra-red
spectrum No. 27. N.M.R. spectrum No. 19. Vapour phase chromatography at
15000, &ppeared to show only one component.

The impure hydro derivative was prepared as follows, The residue of
hydrazino compound was stirred Qith water (50 ml.) at room temperature and
a solution of copper sulphate (3:0g.,) in water (50 ml.) was added over 1} h,
Stirring was then continued for ;nother 2 h. Water (50 ml.) and ether
" (150 ml.) were added and the ethetr layer was separated. The aqueous layer
wvas extracted with more ether (100 ml.) and the combined ether layers were
dried with anhydrous magnesium sulphate. After filtering, the solvent was
removed.froﬁ the filtrate and left a black solid. Sublimation under
0:005 mm, Hg. at up to 150°C produced a very small amount (< 0-1g.) of a
yellow solid, which slowly darkened and contained some monohydroperfluoro-
5,6,7,8-tetrahydroisoquinoline. {Identified by the mass spectrum, Parent

peak at 313)..

5.3 Reaction of Perfluoro~5,6,7, 8-tetrahydroquinoline with Hexafluoropropene

in the Presence of Fluoride Ton

A1l the apparatus wvas rinsed with acetone and thoroughly dried in an
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oven before use. Per{luoro-5,6,7,8-tetrahydroquinoline (1:5g., 4+5 mmoie},

dry caesium fluoride (5g 33 mmole) and dry sulpholane (30 ml.) were

placed in a flask fitted with a magnetic stirrer, gas-tap, condenser and
variable volume reservoir, The flask was evacuated, and then filled with
hexafluoropropene gas (169., 107 mmole), and the mixture was stirred at
room temperature until all the gas had been usedlup, which took about 3 h,
Velatiles were then transferred ocut under vacuum inté a cold trap and
comprised two materials, one of which was a 1iqﬁid at room temperature, and

the other of which was a white solid. The liquid was oligomers of hexafluoro-

propene, while the solid was perfluoro-5,6,7 8-tetrahydro-2 Ah-bisisopropyl-

quincline, (Yield = 0-5g., 17%) . M.p. 48-&900., b.p. 171°C. (Found: ¥,

69+ 3%.

C15NF23 requires ¥, 69+ 24%, Carbon and nitrogen analyses were
inconsistent, probably because of loss of olefin from 'a ~ide chain and
incomplete oxidation). Molecular weight = 631, Infra-red spectrun No, 28,

N.M,R. spectrum No, 20, Vapour phase chromatography at ZOOOC showed only

one component,

vraammm s me e e g
=



APPENDICES



- 181 -

APPENDIX 1

Infra-red Spectra

Spectrum No. ’ Compound State
1 ‘Nonachloroacridine | KBr Disc
2 Nonachlorophenanthridine . . . KBr Disc
3 Partially éhlorinated 7,8;benzoquinolines KB3r Disc
_ Nonachloro-?,B-benzoquinoline ’ KBr Disc
5 Octachloro-9-acridanone . KBr Disc
6 Octachloro-6-phenanthridanone | KBr Disc
7 Octachloro-9-methoxyacridine " KBr Disc
8 Octachloro-9-ethyliminoacridan KBr Disc
9 Octachloro-6-methoxyphenanthridine . . KBr Disc
10 ' Octachloro-6-diethylaminoPhenaﬁthridine KBr Disc
11 1,2,3,4,5,6,7;8-Octachloroacridine KBr Disc
12 9—n-Buty1-1,2;3,4,5,6,7,8-octachloroacridan KBr Disc
13 Nonachlorobiphenyl-2-cyanide ‘ ‘ KBr Disc
14 Hexachloro;z-methbxyquinolinc. KBr Disc
15 Pentachloro-2, k-dimethoxyquinoline KBr Disc
16 Hexachloro-Z-diethylamiﬁoquinoline ._ - Contact Film
17 Hexachloro~1-methoxyisoquincline KBr Disc
18 : Hexachloro-i~diethylaminoisoquinoline KBr Disc
19 2,3,6,7,8—Pentachloroquino—[4,5~cd]-1,2--
" dithiole _ KBr Disc
20 Aminohexaéhloronaphthalene KBr Disc
21 '5,6,7,8-Tetrachloroheptafluoroisoquinoline Contact Film
22 Perfluoro-5,56,7,8-tetrahydroisoquinoline Contact Film
23 . 3~Methoxyperfluoro-5,6,7,8-tetrahydrciso-

quinoline ) Contact Film



Spectrum No.

21,

26
27

26

Compound

1,3-Dimethoxyperfluoro-5,6,7,8-tetrahydro-

isoquinoline

3-Diethylaminoperfluore-5,6,7,8-tetrahydro-

isoquinoline

Perfluoro-5,6,7,8-~tetrahydro-1, 3-

bisisopreopylisoquinoline

3-Bromoperf1uoro-5,6,7,8-tetrahydroiso—
quinoline
Perfluoro-S,6,7,8-tetrahydro-2,4-

bisisopropylquinoline

State

Contact

Contact

Contact

Contact

Contact

Film

ilin

Film

Film

ilm
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APPENDIX 2

e

A Note on Mass Spectra

Many of the compounds described in this thesis contain chlorine, for

which more than one isotope is stable and reasonably naturally ebundant.

The parent peaks of these compounds show a group of peaks according to

35 37 . . .
whether Cl or Cl isotopes are present in the molecular ion, ICf there
is only one chlorine atom in the molecule, then the molecular ion will appear

as;

arr 3

. ~
- . 32 [P .
" because there are roughly three times as inany Cl atoms as Cl atoms in

natural abundance samples. With more than one chlorine atom, the mclecular
ion will appear as a more complex pattern of peaks, separated by two mass

units,

The molecular weights quoted i this thesis arve basad on the moleculs

35,

in which all of the chlorine atoms are cf the Cl isctope, and are therefors

a < -
the lowest mass peak in the mass spectrum of the molecular icn, The
intensity pattern of the peaks in the molecular ion is highly characteristic

of the number of chlorine atoms present in the molecule, and the number

’

of chlorine atoms present in the molecules have been quoted from this means

of weasurement, using published tables of intensity patterns for chlorine and

223

s . 4 (=]
bromine containing compounds.

Bromine is like chlorine in having two stable isotopes, separated by

79, 81

two mass units Br and Br, but they are of approximately equal abundance,

b
so that if one bromine atom is present in the molecule, then the molecular ion

appears as:
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As with chlorine compounds, the molecular weights of bromine containing
compounds, quoted in this thesis, are based on the lower mass isotope, 79Br,
and the mass spectrum has been used to identify the number of bromine atoms
present in the molecules,

Most of the halogenated compounds described in this thesis have quite
stable molecular ions, so that the parent peak in the mass spectrum is
normally strong and clearly seen. This is particularly true of highly
chlorinated'compounds‘ The émount of fragmentation is normally small, and
occurs by successive loss cf haloger: atoms.

Exceptions to this are compounds with a fairly large and easily lost
side chain, such as an n-butyl group.‘ With these compounds the parent peak

may not be seen, and an important fragmentation route is by breakdown of

the side chain, such as by loss of an alkene,



Spectrum No,

1

10

11

12

13

14

15
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APPENDIX 3

N.M,R. Spectra

Compound
Octachloro-9-ethyliminoacridan

Octachloro-6-diethylamino-

rhenanthridine

9-n-Butyl~1,2,3,4,5,6,7,6-

octachloroacridan
Hexachloro-~2-methoxyquinoline

Pentachloro-é,Qndimethoxy—

quinoline

Hexachloiro-2-diethylamino-

quinocline

Hexachloro-2-diethylamino-

quinoline

Hexachloro-t-methoxyiso~

quinoline

Hexachloro-1i~methoxyiso-

" quinoline

Hexachloromi-diethylaminoiso-

quinoline

5,6,7,8—Tetrachloroheptaf1uoro-

isoquinoline

3-Methoxyperfluoro-5,6,7,8-

tetrahydroisoquinoline

3-Methoxyperfluoro~5,6,7,8-

tetrahydroisoquinoline

.1,3-Dimethoxyperf1uoro_5,6,7’8_

tetrahydroisoquinoline

- A.

1,3-Dimethoxyperfluore-5,6,7,8

>

tetrahydroisoquinoline

Nuclggg Solvent
1 .
H Chlorobenzene
1 .
H Carbon Tetrachloride
1 .
H Carbon Tetrachloride
1 . .o
H Carbhon Tetrachloride
1 . .
H Carbon Tetrachloride
1 ..
H Carbon Tetra;nlorlde
13 o
C Deuterochloroform
1 : .
H Carbon Tetrachloride
13 -
-Cc Deuterochloroform
1 . -
§ Carbon Tetrachloride
19F Liquid
1
H Acetone
19F Acetone
1 . .
H Carbon Tetrachlorids
19,
o Acetone

X0


http://Deuterochlo.ro

énectrum No.

16

18

19
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Compound
3-Diethylaminoperfluoro-
5,6,7,8-tetrahydrojso-
quinoline
3-Diethylaminoperfluoro-
5,6,7,8-tetrahydroisc-
quinoline
Perfluoro-5,6,7,8-tetrahydro-
1,3-bisisopropylisoquinoline
3-Bromoperfluoro-5,6,7,8-
tetrahydroisoquinoline

Perfluoro-5,6,7,8-tetrahydro-

2,4k-bisisopropylquinoline

All shifts are given in p.p.m. and coupling

Tentative assignments are in brackets.

Nucleus

H

19

19,

19

F

19..

constailils

in Hz.

Soivent

Liquid

Liquid

Liquid

Acetone

Acetone
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1. Octachlorc-9-ethyliminoacridan

_H Shift Assignment
0.9 CH,
3
e CH
6.3 5
J . = 7
CH -C
H2 H3

2, 'Octachloro-6-diethylaminophenanthridine

N( Cl-IZCH3 ) 9

__Ij Shift Assigmnent
1. CH
3 3
R CH
3-6 5

Apw



3. 9-n-Butyl-1.2,3.4.5 6, 7 8-octachloroacridan
H n-Bu
/‘\
C1 1 Ci
N
|
H
1 . .
_H Shift Assignment
0-9 ' CH
) 3
O P C-
1+1-1:7 (cH,) 3
L9 9
75 N-H
I 35 Jouen = €3 Jguam = 7
1 _~CH 9H- - NH
Cl o Cll3 9H (,H2 QH-. NI
L, Hexachloro-2-methoxyquinoline
I C1
C
N OJ{3
1 . .
_H Shift Assignment
L. OCH
3 3
5. Pentachloro-2, 4-dimethoxyquinoline
Ci1
OCH
3
1 .
H Shift Aseigmment
5.2 (2-0CH_)

5-11. (Ij_-OCI{B)



6. Hexachloro-2-diethylaminoquinoline

e,
Ci
_\N- N(CH,CH,) 5
1 . . N
_H Shift __A_531gmnen't
1.3 CH
3
8 CH
3 2
J 7
CH_~CH
2 3
7« Hexachloro-2-diethylaminoquinoline
A
Ci Ci
///l\ (
N N(CH,CHg)
13 . .
C Shift Assignment
13:0 CH
.13 3
L8 CH,
119-5 3 or 10
121-9 10 or 3
1273 5,6,7 or 8
128.9 5,6,7 or 8
130-3 5,6,7 or 8
1335 5,6,7 or 8
i39+6 L or 9
11_’:1'3 9 or l.l'
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8. Hexachloro-1-methoxyisoquinoline

_H Shift Assignment
L. . OCH
3 3
9. Hexachloro-1-methoxyisoquinoline
C1
/N
"OCH
3
13 . .
C Shift Assigmment
547 OCH
3
113-0 L or 9
1147 9 or 4
125-2 5 or 8
127+ 3 8 or s
1304 6 or 7
131-2 7 or 6
135.6 10
1425 3

1534 1



- 198 -

16. JHexachloro-l-diethylaminoisoquinoline

]% |

N( CHZCH3 ) 9

H Shift

1-3

3.7

J. = 7
CH,~CH,

Assignment

CH
3

CH
2

11, 5,6,7,8-Tetrachloroheptafluoroisoquinoline

]
F N
A
a1 1)
i N
F v
I? Cl
191"‘ : Shift
60.7
7947
9l_|:s O
106.2
1424

Assiagnment

1
3
a CrC1
two CICl's

L + a CFC1

12, 3-Methoxyperfluoro-5,6,7, 8-tetrahydroi soquinoline

D



13.

j.lj.--
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3-Methoxyperfluoro-5,6, 7,8-tetrahydroisoquinoline

OCH

/\' \W/\r 3
bk/”

19_, . . ;

I Shift Assigmment
69f3 . 1
1076 ' CF, 8
P
10 CF, 5
1108 I‘2 5
1373 CF2 6+ 7
11]:[1:'6 ll'
J1_,‘ = 29; J[.l___5 - 18; J1-—8 = 1

1,3-Dimethoxyperfluoro-5,6,7. 8-tetrahydroisoquineline

F
OCH
3
1 . o .
_H Shi ft Assigment
3.8 (broad) two OCH

3

[o<]
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15. 1,3-Dimethoxyperfluore-5,6,7 8-tetrahydroisoquincline

21'"_ Shift Assignment
109.2 .CF_ 8
9 2
1104 CF_ 5
J: P 2
136-8 CF, 6 + 7
153:9
J w1
45 9

16. 3-Diethylaminoperfluoro-5,6. 7. 8-tetrahydroisoquinoline

N(CHZCH,} ) 5
r

N
1 s ,
_H Shift Assigrment
1.2 CH
: . 3
. CH
3:5 H,
J = 7

H -C
CH,-CH,



17,

18.
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3-Diethylaminoperfluoro-5,6,7 8~tetrahydroisoquinoline

EEE Shift Assignment
66.2 1
105.5 CFz 8
1109 CF_ 5
136 CF2 6 + 7
143.2 4
T, ° 28; Jll__5 = 27; J, 4 = 18

EEE Shift Assignment
756 CF3 x 2
76+ 4 CF‘3 x.Z
1033 CF,, 8
107.8 CF2 5
113+9 | A
137:0 CF, 6 + 7
182-8 tertiary T i
187-0 tertiary F 3

J&ms = 203 Jq_tertiary r3 = 35j J8_tertiary r1

?6
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19. 3-Bromoperiluoro-5,6,7,8-tetrahydroiscquinoline

_19. Shift Assignment

67-3 1

109.6 Cr,_ 8

<

110-8 CF, 5

117+ 4 b

1370 CF, 6+ 7
Jln& = 30 J = 16; J1n8 = 16

20. Perfluoro-SJG,7,8-tetrahydro-2‘&_bisisopropquuinoline

CF

CFB\ ~73

CF

19F Shift Assignment

~'75H CF. X l_l_
75 3

102.7 CF, 5

109.1 CFZ 8

109.8 3

~136 CF? 6+ 7

~175 tertiary F 2 + L

Js-terti ary I &4
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APPENDIX 4

Ultra-violet Spectra

Snectrum No.

1

2

Compound
6-Phenanthridanone
Nonachloroaciidine
Nonachlorophenanthridine
Nonachioro-?,8rbenzoquinoline
Octachloro-~9-acridanone

Octachloro-6-phenanthridanone

All spectira were recorded in solution in spectrozol carbon tetrachloride,

and at the ambient temperature of tlie spectrometer. All peaks in the range

250 to 700 nm are given, and peaks which are shoulders are marked (s).

1, G6-Phenanthridanone

Wavelength nm

337
322

311

273 (s)

261

Molar Abscrbance

1400
1700
1300
2000

3000



2 Nonachloroacridine
Wavelength nm Molar Absorbance
L42 ‘ 3000
121 L0DO0
397 5500
377 3200
359 (s) 2000
325 (s) 1500
| 295 118,000
! | | 285 (s) - LB ,600
273 (s) 17,400
3. Nonachlorophenahthridine
Wavelenngth nm Molar Absorbance
403 (s) 16,800
386 (s) 38,800
354 ' 8%, 100
320 (s) ) 263,300
288 343,800
4. Nonachioro-?,8-benzoquinoline
Wavelength nm Molar Absorbance’
395 (s) 1000
322 (s) 10,500
302 (s) 14,700
285 15,800
286 (s) 16, 300
261 ‘ 20,500
1




Octachloro-9Y-acridansne

Wavelength nm

L4l (s)
422 (s)
399 .
382 (s)
324
294

274

Octachloro-6-phenanthridanone

Wavelength nm

370
294 (s)

266

3%}
(@]
A9 ]

Molar Absorhance

900
1200
3300
2400
2000

34,100

29,600

Molar Absorbance

15C0
4000

8100
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